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A color correcting apparatus and method convert a first color 
signal of a first format into a second color signal of a second 
format using a conversion matrix. The conversion matrix is 
obtained based on an achromatic color component conver- 
sion matrix and a chromatic color component conversion 
matrix representing chromacity and achromacity of an imag- 
ing device supplying the first color signal. Then, the second 
color signal is inversely converted into a third color signal 
of a third format. The third format is a format used by an 
image output unit. The inverse converting is performed 
using an inverse conversion matrix. The inverse conversion 
matrix is obtained based on an inverse of a conversion 
matrix associated with the image output unit, and the con- 
version matrix associated with the image output unit is 
obtained based on an achromatic color component conver- 
sion matrix and chromatic color component conversion 
matrix representing chromacity and achromacity of the 
image output unit. Furthermore, the color correcting appa- 
ratus and method may be employed in an imaging system. 

16 Claims, 23 Drawing Sheets 
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COLOR CORRECTING METHOD AND 
APPARATUS AND A SYSTEM 
INCORPORATING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a color correcting method 
and apparatus and a system incorporating sucb an apparatus 
along with other color image equipment. 

2. Description of the Related Art 

In a color imaging system including a color printer and 
video monitor, it is desirable that an original color image 
appear the same whether displayed by the monitor or printed 
by the printer. Accordingly, color correction must be per- 
formed to convert an image to the appropriate format and to 
account for color characteristics of the particular image 
input or output device. 

A color printer, for example, converts the luminance 
signals (R, G, B) of the three primary colors (red, green, 
blue) (hereinafter the "RGB luminance signals") of an 
original image, obtained through a color separation color 
scanner, into the main density signals (C, M, Y) of the inks 
of the three primary colors (cyan, magenta, yellow) 
(hereinafter the "CMY main density signals**). Color cor- 
rection is then performed to enhance the reproducibility of 
the colors and optimize the conversion. Specifically, color 
correction is accomplished by printing a plurality of color 
patches of known colors and comparing the colors of the 
color patches read through a color scanner with the known 
colors. 

FIG. 46 is a block diagram showing a color correction 
parameter determining apparatus which has been disclosed, 
for. example, in Japanese Patent Laid-Open No. 5-183742. 

In FIG. 46, a color storing unit 100 stores a plurality of 
combinations of the CMY main density signals in a color 
zone; wherein each combination of the CMY main density 
signals represents a color. A color printing unit 102 prints, in 
the form of color patch prints, the colors corresponding to 
the CMY main density signal combinations stored in the 
color storing unit 100. A color reading unit 104 images the 
color patch prints in terms of the RGB luminance signals. 

A color conversion parameter storing unit 106 stores the 
parameters for color conversion. An inverse color convert- 
ing unit 108 determines inverse functions for non-linear 
color conversion in accordance with the parameter stored in 
the color conversion parameter storing unit 106, and con- 
verts the CMY main color density signals stored in the color 
storing unit 100 into the RGB luminance signals by using the 
inverse non-linear color conversion function. 

A color correction coefficient calculating unit 110 calcu- 
lates color correction coefficients by performing matrix 
computations so that the RGB luminance signals from the 
color reading unit 104 coincide with the three primary color 
luminance signals R0, GO, B0 from the inverse color con- 
verting unit 108. A color correction coefficient storing unit 
112 stores the color correction coefficients obtained by the 
color correction coefficient calculating unit 110. A matrix 
operation unit 114 performs a matrix operation according to 
the color correction coefficients stored in the color correc- 
tion coefficient storing unit 112 and the RGB luminance 
signals from the color reading unit 104. 

A color converting unit 116 calculates the approximate 
value C'MT of the three primary ink color main density 
signals by non-linearly converting the calculated values 
given by the matrix operation unit 114 in accordance with 



>5,199 

2 

the parameters of the non- linear functions stored in the color 
conversion parameter storing unit 106. An evaluation value 
calculating unit 118 evaluates the chrominance between the 
CMY main density signals from the color storing unit 100 

5 and the approximate value CMT of the three primary ink 
color main density signals from the color converting unit 
116 so as to calculate the chrominance as an evaluation 
value. A control unit 120 determines whether the evaluation 
value received from the evaluation value calculating unit 

10 118 has been minimized, and updates the stored value in the 
color conversion parameter storing unit 106 if the evaluation 
value has not been minimized so as to converge the evalu- 
ation value. 

The operation of the apparatus illustrated in FIG. 46 will 
15 now be described. The color conversion parameter convert- 
ing unit 106 stores the parameters of the non -linear functions 
and the inverse non-linear functions, which are the inverse 
functions of the former. Some examples of the nonlinear 
functions are shown below: 

20 

OCmax(l-(R/Rmax)*) 

MoMmax(l-(G/Gmax) t ) (1) 
YoYmax(l-(B/Bmaxy) 

25 

These functions are used for converting RGB to CMY 
where "y" (gamma) is the functional parameter in this case; 
Cmax, Mmax, and Yraax are the maximum values of the 
CMY main density signals; and Rmax, Gmax, and Bmax are 
30 the maximum values of the RGB luminance signals. The 
inverses of the functions in expression (1) are given by 
expression (2): 

35 R=Rmax(l-(C/Cmax) Y ) 

G=Gmax(l-(M^Mmax) 1f ) (2) 
B-Bmax(l-(Y/Ymaxy) 

40 The function parameter is stored in the nonlinear conver- 
sion parameter storing unit 106. The inverse color convert- 
ing unit 108 converts the CMY main density signals stored 
in the color storing unit 100 into the three primary color 
luminance signals R 0 G 0 B 0 by using expression (2) with y, 

45 which has been stored in the color conversion parameter 
storing unit 106, as the function parameter. 

The color correction coefficient calculating unit 110 cal- 
culates a color correction coefficient {a«} which makes the 
RGB luminance signals given by the color reading unit 104 

50 coincide with R 0 G 0 B 0 luminance signals given by the 
inverse color converting unit 108 by using the publicly 
known least squares method. The calculated color correction 
coefficient is then stored in the color correction coefficient 
storing unit 112. 

55 The matrix operation unit 114 performs the matrix cal- 
culation on the RGB luminance signals issued by the color 
reading unit 104 by using expression (3) wherein the color 
correction coefficient {a.-} stored in the color correction 
coefficient storing unit 112 is used as the function parameter. 

60 
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The color converting unit 116 performs the arithmetic 
operations on the calculated value given by the matrix 
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operation unit 114 by using expression (1) wherein the value 
Y stored in the color conversion parameter storing unit 106 
is used as the function parameter; thereby calculating the 
approximate values CMT' of the three primary ink color 
main density signals stored in the color storing unit 100. 5 

The evaluation value calculating unit 118 carries out the 
following operation: supplies the CMY main density signals 
stored in the color storing unit 100 and the CM'V main 
density signals given by the color converting unit 116 to the 
printer for color correction so as to perform printing; and 10 
measures the color shown on the print which corresponds to 
the CMY main density signal using a widely known calo- 
rimeter to oblain chromaticity XYZ. Chromatid ty XYZ is 
then converted to a coordinate value (L*,a*,b*) of a uniform 
color space by using a publicly known relational expression 15 
XYZ-L*a*b*. Likewise, a coordinate value (L* , ,a* , ,b**) of 
the uniform color space corresponding to the CMT main 
density signal is obtained. The evaluation value calculating 
unit 118 calculates the chrominance between (L*,a*,b*) and 
(L*",a*',b*') from expression (4): 20 

AU*^-{(L.-L. , )M«.-fl- 1 ) 2 +(b-fr. l ) 2 } 1/:i (4) 

The evaluation value calculating unit then calculates the 
evaluation value as the mean value of the chrominances 
between the colors based on all the CMY main density 25 
signals stored in the color storing unit 100 and the corre- 
sponding CMY' main density signals of the color convert- 
ing unit 116. 

The control unit 120 receives the evaluation value calcu- 
lated by the evaluation value calculating unit 118, and 30 
updates the function parameter stored in the color conver- 
sion parameter storing unit 106 using the widely known 
non-linear mathematical programming technique to mini- 
mize the evaluation value. As soon as the control unit 120 
determines that the evaluation value has been minimized, 35 
the control unit 120 decides, as the optimum color correction 
parameters, color correction coefficient {a iy } stored in the 
color correction coefficient storing unit 112 and function 
parameter y stored in the color conversion parameter storing 
unit 106. 40 

FIG. 47 is a block diagram showing an apparatus for 
adjusting hue, chrominance, and luminance of a video signal 
using matrix circuits disclosed in U.S. Pat. No. 5,333,070. 

In FIG. 47, a Y/C separating circuit 122 separates a video 
signal into a luminance signal Y and a color signal C. A 45 
decoder 124 converts the luminance signal Y and the color 
signal C into the three primary color signals R, G, and B. 
Matrix (3 lines by 3 columns) circuits 126, 128, and 130 
perform color correction. An A/D converter 132 analog-to- 
digital converts a color-corrected signal output by the matrix 50 
circuit 130, and a frame memory stores the digitized signal. 
A ROM 136 performs y conversion, and the output of ROM 
136 is used to control the head of a printer 138. Further, an 
adjusting circuit 140 adjusts the coefficient used in the 
matrix circuit 128. 55 

The operation of the apparatus illustrated in FIG. 47 will 
now be described. In this example, the operation of the 
3-line-by-3-column matrix circuits 126, 128, and 130 for 
implementing color correction will be described in detail. 

First, the matrix circuit 126 converts a received signal 60 
from an RGB coordinate system to an SfY coordinate 
system, where the SfY coordinate system is a coordinate 
system constituted by a flesh color axis S, a green color axis 
f, and a luminance axis Y. If the matrix of the matrix circuit 
126 is taken as M„, then matrix M„ is determined as shown 65 
in expression (5) in relation to the colors of flesh color CI 
and green C2. 
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(5) 



= M a C l 



= M n C 2 



Then, the matrix circuit 128 performs color adjustment 
using the SfY coordinate system and issues a signal repre- 
sented by the SfY coordinate system. If the matrix of the 
matrix circuit 128 is taken as M A , then M A is given by 
expression (6) below. 



h n h l2 0 
h 2l h 22 0 
hn A32 1 



(6) 



In this example, the third column of matrix Mh is (0, 0, 
1). This is to keep the luminance of an achromatic color 
signal intact. When the third column of matrix M ft is (0, 0, 
1), the role of each matrix element is as shown below: 
hll<1.0 Decreases the chroma of CI 
hll>1.0 Increases the chroma of CI 
h21<0 changes Hue in the direction of Cl-f axis 
h21>0 changes Hue in the direction of Cl+f axis 
h31<0 Decreases the luminance of CI 
h31>0 Increases the luminance of CI 
hl2<0 changes Hue in the direction of C2-S axis 
hl2>0 changes Hue in the direction of C2+S axis 
h22<1.0 Decreases the chroma of C2 
h22>1.0 Increases the chroma of C2 
h32<0 Decreases the luminance of C2 
h32>0 Increases the luminance of C2 

The coefficient of matrix M,, is decided according to the 
instructions given by the adjusting circuit 140, taking the 
roles shown above into consideration. 

Then, the matrix circuit 130 converts a received signal 
from the SfY coordinate system to the RGB coordinate 
system. The matrix used for this purpose is the inverse 
matrix of matrix M„. 

The processing steps implemented in sequence by matrix 
circuits 126, 128, and 130 as stated above perform the color 
adjustment. 

In the color correction parameter deciding apparatus 
shown in FIG. 46, the parameters are optimized by the least 
squares method for the combinations of main density signals 
CMY stored in the color storing unit 100. However, the 
parameters are not always optimized for combinations of 
main density signals CMY not stored in the color storing 
unit 100; therefore, proper printing results cannot be 
ensured. Consequently, this conventional color correction 
parameter deciding apparatus hardly ever performs adjust- 
ment on CMY main density signals which have not been 
previously stored. 

Additionally, even if the apparatus of FIG. 46 performed 
adjustment, there is no guarantee that a proper chromatic 
balance would be achieved after adjustment. For example, 
after adjustment, a color which should be achromatic ends 
up tinted, producing an image which looks reddish as a 
whole. 

Further, the apparatus of FIG. 46 minimizes the color 
correction coefficient and the color conversion parameter for 
the combination of a specific printer and a specific scanner. 
Consequently, the color correction coefficient and the color 
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conversion parameter must be optimized again whenever the chromatic color component conversion matrix representing 

combination of the printer and the scanner changes. chromacity and achromacity of said image input unit; a 

The apparatus for adjusting hue, chrominance, and lumi- second matrix circuit inversely converting said second color 

nance of a video signal using matrix shown in FIG. 47 also signal into a third color signal of a third format, said third 

has its share of drawbacks as well. For instance, this 5 forraat bein S a format used b Y ™ ima S e out P ut unit > said 

apparatus can only be used under the condition wherein the inverse converting being performed using an inverse con- 

SfY coordinate system is used and the elements of the third version matrix, said inverse conversion matrix obtained 

column of the matrix M„ are fixed. based on an inverse of a conversion matrix associated with 

Furthermore, changing the luminance of an achromatic said image output unit, and said conversion matrix associ- 

color signal requires adjusting the third column of the to ated with said image output unit obtained based on an 

matrix; however, as discussed above the apparatus of FIG. achromatic color component conversion matrix and a chro- 

47 does not perform any such adjustment. mMic color component conversion matrix representing chro- 

The apparatus of FIG. 47 also takes a long time to perform macit y aod achromacity of said image output unit; and an 

color correction processing since the apparatus requires output interface for issuing said third color signal to said 

several coordinate conversions to obtain color adjustment. 15 image output unit. 

Furthermore, these objectives are achieved by a system 

SUMMARY OF THE INVENTION including an image input means for converting a real image 

One object of the present invention is to provide a color a color in P ut si 5 naJ i monitor mcans for displaying an 

correction method and apparatus which solve the problems una S e based on a first 00101 0Ut P ut sl S nal i P rmlcr means for 

stated above 20 Panting an image based on a second color output signal; a 

. . . - . . . . recording device for storing a conversion matrix correspond - 

A further object of the present invention is to provide a f ... . 6 , . v 

i • • • Vj . ... ui* ing to at least said image input means, and storing an inverse 

color correcting method and apparatus which are capable of * j- . . i * u r -j 

• < i i_ i conversion matrix corresponding to at least each of said 

maintaining color balance. . j -j ■ * i 

° . ... . , monitor means and said printer means; a color correcting 

Another object of the present invention is to provide a i$ atus for ^ a first color signa i of a first forraa( 

color correction method and apparatus which perform co or mtQ a WKBod color sigQal of a XCQa6 formatj and perforn> 

correction using matnx operations; and wherein said color . ^ correction duri said converting operation, said 

correcting method and apparatus determine the matrices color apparatus including, an input interface for 

used in the matrix operations. An additional object of the receiving a first color signal from an image input unit, a first 

present invention is to provide a color correction method and 3o matfix drcuit verting said firsl co lor signal into a third 

apparatus which can adjust the matrices, and/or adjust color signal using a conversion matriXj said conversion 

predetermined matrices. matrix obtained based on an achromatic color component 

A still further objective of the present invention is to conversion matrix and a chromatic color component con- 
provide an imaging system incorporating a color correction version matrix representing chromacity and achromacity of 
apparatus and method achieving the above objectives. 35 a fi ret d ev ice outputting said first color signal, a second 

A further objective of the present invention is to provide matrix circuit inversely converting said third color signal 

an imaging system employing the color correction method into said second color signal using an inverse conversion 

achieving the above objectives, and which allows for the matrix, said inverse conversion matrix obtained based on an 

changing of peripheral devices without recalculating matri- inverse of a conversion matrix associated with a second 

ces used in color correction. 40 device, and said conversion matrix associated with said 

These and other related objectives are achieved by a color second device obtained based on an achromatic color corn- 
correction method including the steps of, converting a real ponent conversion matrix and a chromatic color component 
image into a first color signal of a first format using an conversion matrix representing chromacity and achromacity 
imaging device; converting said first color signal into a of said second device, and an output interface for outputting 
second color signal of a second format using a conversion 45 said second color signal; and a processor for controlling said 
matrix, said conversion matrix obtained based on an achro- image input means, said monitor means, said recording 
matic color component conversion matrix and a chromatic device, and said color correcting apparatus, said processor 
color component conversion matrix representing chromacity supplying said color input signal to said color correcting 
and achromacity of said imaging device; and inversely apparatus as said first color signal, supplying said conver- 
converling said second color signal into a third color signal 50 sion matrix corresponding to said image input means to said 
of a third format, said third format being a format used by first matrix circuit, supplying said inverse conversion matrix 
an image output unit, said inverse converting being per- corresponding to one of said monitor means and said printer 
formed using an inverse conversion matrix, said inverse means to said second matrix circuit, and supplying said 
conversion matrix obtained based on an inverse of a con- second color signal to said one of said monitor means and 
version matrix associated with said image output unit, and 55 said printer means as one of said first color output signal and 
said conversion matrix associated with said image output said second color output signal, respectively, 
unit obtained based on an achromatic color component These objectives are also achieved by a system including, 
conversion matrix and chromatic color component conver- a plurality of image input means for converting a first color 
sion matrix representing chromacity and achromacity of said signal into a color signal of a second format using a 
image output unit. 60 corresponding conversion matrix, each of said conversion 

Additionally, these objectives are achieved by a color matrices being obtained based on an achromatic color corn- 
correcting apparatus including an output interface for receiv- ponent conversion matrix and a chromatic color component 
ing a first color signal of a first format from an image input conversion matrix representing chromacity and achromacity 
unit; a first matrix circuit converting said first color signal of a corresponding one of said plurality of image input 
into a second color signal of a second format using a 65 means; and a plurality of image output means for inversely 
conversion matrix, said conversion matrix obtained based on converting said color signal of said second format into a 
an achromatic color component conversion matrix and a second color signal using a corresponding inverse conver- 
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sion matrix, said inverse conversion matrices obtained based FIG. 23 is a diagram illustrating the color sample data in 

on a conversion matrix associated with a respective one of the fifth embodiment; 

said plurality of image output means, each conversion FIG. 24 is a diagram showing the color measurement 

matrix obtained based on an achromatic color component results of the color samples in the fifth embodiment; 

conversion matrix and a chromatic color component con- 5 pIG. 25 is a diagram showing the procedure for creating 

version matrix representing chromacity and achromacity of me CMY-to-XYZ conversion matrix in the fifth embodi- 

a respective one of said plurality of image output means. mem; 

Other objects, features, and characteristics of the present FIG. 26 is a diagram showing how to determine the black 

invention; methods, operation, and functions of the related poim and tbe wnile po int [ n tne ftf th embodiment; 

elements of the structure; combination of parts; and econo- ™ flQ 2? ^ § ^ iUustratin faow to diWde a vectQr fa 

mies of manufacture will become apparent from the follow- ^ em bodimenr 

ing detailed description of the preferred embodiments and _._ - 0 . .„ . t . 

& . v . .. J r . . , c _ c ... FIG. 28 is a diagram illustrating the components in the 

accompanying drawings, all of which form a part of this . - * . u j- . 

■c u • i-i r | j ■ t direction of vector m in the fifth embodiment; 

specification, wherein like reference numerals designate . . 

corresponding parts in tbe various figures. " . 29 * ? diagram dloistrating the components in a 

direction which is perpendicular to vector m in the fifth 

BRIEF DESCRIPTION OF THE DRAWINGS embodiment; 

4 . ■ , • it * j • c . FIG. 30 illustrates the configuration of a color image 

FIG. 1 * a schema.* r block diagram of an apparatus ^ ^ » * 

accord mg to a first embodiment of the present invention; „ A • # . 

to r 20 invention; 

FIG. 2 is a flowchar. showing the color performed by the pjQ 3 1 is a diagram showing the structure of the color 

hrst embodiment, characteristic data in the sixth embodiment; 

FIG. 3 is a flowchart showing the RGB-to-XYZ conver- pio. 32 is a diagram showing the procedure for perform- 

smn procedure performed by the first embodiment; ing cok)r adjustment according to a emb odiment of 

FIG. 4 is a diagram showing the procedure for creating the 25 ^ p resenl invention; 

response conversion expression in the first embodiment; FIG. 33 is a diagram showing the relationship between 

FIG. 5 is a diagram illustrating the structure of a test chart; achromatic color vector m and vectors c„ e 2 , and e 3 in the 

FIG. 6 is a chart showing plotted input data in the first seventh embodiment; 

embodiment; 30 FIG. 34 is a diagram showing the relationship between 

FIG. 7 is a diagram showing the procedure for creating an vectors e„ e 2 , e 3 and e'j, e' 2 , e' 3 after changing the magnitude 

RGB-to-XYZ conversion matrix in the first embodiment; of vectors e 3 , e 2 , and e 3 in the seventh embodiment; 

FIG. 8 is a diagram showing how to determine the black FIG. 35 is a diagram showing the relationship between 

point and the white point in the first embodiment; vectors e^ e 2 , e 3 and c\, e' 2 , e' 3 after rotating vectors e lf e 2 , 

FIG. 9 is a diagram illustrating how to divide a vector in 35 *3 with point n as the pivot point, in the seventh embodi- 

the first embodiment; menl; 

FIG. 10 is a diagram illustrating the components in the FIG. 36 is a diagram showing the relationship between 

direction of vector m in the first embodiment; veclors e i> e 2» e 3 and e' 1? e' 2 , e' 3 , after rotating vectors e„ e 2 , 

FIG. 11 is a diagram illustrating the components in the ^ *jj ^ ^ " P ° im ' " ^ 

direction which is perpendicular to vector m in the first 40 emD °diment, 

embodiment' FIG. 37 is a diagram showing the relationship between 

FIG. 12 is'a flowchart showing the XYZ-to-RGB conver- vc f ors f c * and c > c » ?* after changing the magni- 

sion performed by the first embodiment; mde of achromatic color vector m which shares the same 

* ' _ r . point n in the seventh embodiment; 
FIG. 13 is a diagram showing the procedure 45 FIG. 38 is a diagram showing the relationship between 

the response conversion expression in the fust embodiment, ^ ^ ^ ^ 

FIG. 14 is a flowchart of the color correction procedure mde of > chlomzlk ^ veclor m which shares the same 

accordmg to the present invention. terminal point, in the seventh embodiment; 

FIG. 15 is a flowchart of the color correction procedure pjo. 39 is a diagram showing tbe relationship between 

accordmg to a second embodiment of the present invention; 50 veclQrs ^ ^ and * in the sevemb embodimenl; 

FIG. 16 is a flowchart of the color correction procedure FIG. 40 is a diagram showing tbe relationship between 

according to a third embodiment of the present invention; vect0fS ^ ^ ^ aod ^ ^ ^ after rotation> ^ the seveQlh 

FIG. 17 is a diagram illustrating lookup tables 1 to 9 in the embodiment; 

third embodiment; pi G 41 is a diagram showing the relationship between 

FIG. 18 is a diagram illustrating lookup tables a to c in the vectors e 4 , e 5 , e e and e' 4 , e's, e' 0 , after changing the magni- 

third embodiment; tudes of vectors e 4 , e 5 , and e 6 , in the seventh embodiment; 

FIG, 19 is a schematic block diagram of the configuration FIG. 42 is a block diagram of a color converting circuit 

of an apparatus according to a fourth embodiment of the according to a ninth embodiment of the present invention; 

present invention; 60 piG. 43 illustrates the configuration of a color matching 

FIG. 20 is a flowchart showing the color correction system according to the tenth embodiment of the present 

procedure according to a fifth embodiment of the present invention; 

invention; FIG. 44 illustrates the configuration of a color character- 

FIG. 21 is a diagram showing the XYZ-to-CMY conver- istic data creating system according to an eleventh embodi- 

sion procedure performed by the fifth embodiment; ment of the present invention; 

FIG. 22 is a diagram showing the procedure for creating FIG. 45 is a flowchart of the procedure for creating the 

the response conversion expression in the fifth embodiment; color characteristic data in the eleventh embodiment; 
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FIG. 46 is a block diagram of a prior art color correction 
parameter determining apparatus; 

FIG. 47 is a block diagram of a prior art apparatus for 
adjusting hue, chrominance, and luminance of a video signal 
using matrix circuits. 5 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 is a block diagram showing a first embodiment 
according to the present invention. As illustrated in FIG. 1, 
an image input unit 1 is connected to a color correcting unit 1 
2, which performs color correction on image data received 
from the image input unit 1. An image output unit 3, 
connected to the color correcting unit 2, outputs an image 
based on image data corrected by the color correcting unit 2. 
The image data received from the image input unit 1 is 15 
subjected to conversion in the color correcting unit 2 to 
compensate for the difference in color characteristics 
between the image input unit 1 and the image output unit 3. 

The image input unit 1 can be a scanner or any imaging 2Q 
device which converts a real image into an electronic color 
signal. In one embodiment, the color correcting unit 2 is a 
microprocessor (i.e., programmable computer) supported by 
memory RAM and ROM memory components and inter- 
faces for interfacing with the image input unit 1 and the ^ 
image output unit 3. Alternatively, the color correction unit 
2 may be a hardwired circuit. This hardware or hardwired 
embodiment of the color correction unit 2 is described in 
detail below. The image output unit 3 can be a monitor, 
printer, or any device which reproduces an image from an 3Q 
electronic color signal. As a further alternative, a monitor 
could serve as the image input unit 1 with the image 
displayed thereon being supplied as the color input signal. 

Since the image input unit 1 and image output unit 3 are 
conventional devices, their operation will not be described. 35 
The following provides a detailed description of the opera- 
tion of the color correcting unit 2. 

FIG. 2 is a flowchart showing part of the color correction 
process performed by the color correcting unit 2. For ease of 
understanding, the input image data from the image input 40 
unit 1 is assumed to be scanner RGB data output from a 
scanner and the output image data sent to the image output 
unit 3 is assumed to be monitor RGB data for display on a 
monitor. Any image input unit or image output unit such as 
discussed above could be used, however. 45 

In step S21, scanner RGB data of initial step S20 under- 
goes RGB-to-XYZ conversion. This conversion process will 
be described in detail below with respect to FIG. 3. The 
conversion of step S21 results in the production of XYZ data 
in the well known CIEXYZ color space. Step S22 illustrates 50 
the output of step S21. After that, the XYZ data is converted 
to monitor RGB data through XYZ-to-RGB conversion in 
step S23. Step S24 illustrates the output of step S23. The 
conversion process of step S23 will be described in detail 
below. As the discussion of FIG. 2 above demonstrates, 55 
color correction is implemented via the CIEXYZ space. 

The color correcting method according to the first 
embodiment of the present invention will now be described. 
Firstly, the method for obtaining the converting expression 
employed by the color correction method will be described. 60 
Then, the color correction, which uses the obtained convert- 
ing expression, will be described. 

The RGB-to-XYZ conversion of step S21 will now be 
described with respect to the flowchart illustrated in FIG. 3. 
The RGB data of step S20 is subjected to response conver- 65 
sion in step S210 and then to RGB-to-XYZ matrix conver- 
sion in step S211. 
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The response conversion of step S210 is implemented in 
accordance with the response conversion expression 
obtained by the procedure shown in FIGS. 4-6. 

In step S2100 of FIG. 4, color charts including a plurality 
of color samples and corresponding digital data such as 
shown in FIG. 5 are prepared. A color can be represented by 
a combination of three independent color components such 
as red (R), green (G), and blue (B), or cyan (C), magenta 
(M), and yellow (Y). FIG. 5 shows the color components of 
a red-system color chart. This is based on an assumption that 
each color component has 8-bit gradation. Hence, (R, G, 
BMO, 0, 0) of color sample No. 0 represents black; (R, G, 
B>=(255, 0, 0) of color sample No. (m-1) represents pure red 
with no other component; (R, G, B)=(255, 255, 255) of color 
sample No. (n) represents white. 

FIG. 5 indicates that several levels of color from black to 
white via a pure color (pure red in the case of FIG. 5) are 
prepared. While FIG. 5 only shows the color components of 
the red-system color chart, similar color charts exist for the 
systems of green, blue, cyan, magenta, yellow, and gray. The 
gray-system color chart includes color samples showing the 
color levels from black to white via gray. Thus, the color 
charts of both achromatic colors and chromatic colors are 
provided by the preparation of color charts in step S2100. By 
contrast, the conventional color patch prints discussed in the 
Background of the Invention section were not systematized 
as staled above. 

In the next step, step S2101, the color measurement of the 
color charts is performed. The plurality of color samples 
created in the preparation of the color charts are subjected to 
color measurement using a colorimeter. At this time, the 
color measurement values are determined using a CIEXYZ 
color system. 

Then in step S2102 the scanning of the color charts is 
performed. In this step, the plurality of color samples, which 
have been created in the preparation of the color charts, are 
scanned by a scanner to obtain read data values. The read 
data values are the RGB values which have been read 
through the scanner. The RGB values, however, do not 
coincide with the values of the color components R, G, and 
B described in the preparation of color charts. 

In the following step S2103, a graph is created. The graph 
is created according to the data obtained from the color 
measurement of the color charts and the scanning of the 
color charts. Specifically, the data required for the response 
conversion includes the color measurement values of the 
gray-system color chart and the data values read through the 
scanner. Based on this data, the graph of R-X, G-Y, and B-Y 
is prepared. FIG. 6 shows an example of such a graph, 
wherein the abscissa represents the color measurements X 
and the ordinate represents scanned values R. In the graph 
of FIG. 6, the black dots indicate the data of the individual 
color samples of the color charts. 

Then, in step S2104 an approximating curve is created on 
the graph. In this step, an approximating curve is obtained 
according to the plotted data (black dots in the graph) using 
a statistical approach such as the nonlinear least squares 
method and the n-degree curve least squares method. Solid 
line b shown in FIG. 6 indicates the approximating curve. 

In the following step S2105, a straight line, which passes 
through the read data value of the white color sample of the 
color chart (the black dot on the extreme left of FIG. 6) and 
the read data value of the black color sample of the color 
chart (the black dot on the extreme right of FIG. 6), is set. 
The short-dashed line of FIG. 6 represents the set straight 
line. 
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R'«/*(R) 

G-/c(G) 
B-/.(B) 



(7) 



35 



The RGB-to-XYZ matrix conversion of step S211 will 
now be described. The flowchart of FIG. 7 illustrates the 
procedure for creating the RGB-to-XYZ conversion matrix 
in the RGB-to-XYZ matrix conversion step S211. The 
RGB-to-XYZ conversion matrix created according to FIG. 30 
7 is then used to perform the RGB-to-XYZ matrix conver- 
sion. 

With reference to FIG. 7 through FIG. 11, the procedure 
for creating the RGB-to-XYZ conversion matrix will be 
described in detail. 

FIG. 8 illustrates a graph obtained by applying response 
conversion expression (7) to the scanned values of the 
gray -system color charts. The scanned values which have 
undergone the response conversion are indicated by black 
dots. Using the graph of FIG. 8, the white point and the black 40 
point, the white dot on the extreme left and the white dot on 
the extreme right in FIG. 8, of the scanner are set in step 
S2110. Since the white and black point of the color samples 
of the color chart are not necessarily obtained by the scanner, 
the white and black points are set by extrapolating the string 45 
of the measurement points (black dots). 

Next, the setting of an achromatic color vector in Step 
S2111 of FIG. 7 is carried out. It is assumed that the white 
point and the black point have been set as shown in 
expression (8) in the step S2110 for setting the white point 50 
and the black point. Each of the white and black points has 
two values, namely, the value in the CIEXYZ color space 
and the value in the RGB color space of the scanner. 



White = ( W x , W Y , W z ) (CIEXYZ color space) 

= (Wr» W c , W b ) (Scanner RGB color space) 

Black = (Bk x , Bk Y , Bk z ) {CIEXYZ color space) 

= (Bkg, Bkc, Bk B ) (Scanner RGB color space) 



(8) 



60 



An achromatic color vector m is then set in step S2111 as 
shown below by using the values of expression (8). 

m-fW^Bk^W^Bk^Wr-Bk,} (9) 65 

In the following step S2112, the setting of a chromatic 
color vector of FIG. 7 is carried out. The read data values for 



12 



In the next step S2106, the response conversion expres- 
sion is created. FIG. 6 shows the graph created in step 
S2103, the approximating curve created in step S2104, and 
the straight line set in step S2105. In this case, if X=Xg; the 
distance between the intersection point of the straight line 
drawn parallel to the ordinate R and the approximating curve 
b is taken as B; and the distance between the intersection 
point of the straight line drawn parallel to the ordinate R and 
the straight line is taken as A, then the response conversion 
returns the value of A when the value of R=B is entered. 10 
More specifically, the response conversion replaces the data 
on the approximating curve with the data on the straight line 
in accordance with the graph of FIG. 6. Accordingly, the 
conversion response linearizes both chromatic and achro- 
matic components of a color signal. The replacing process 15 
for signal R of the scanner, is shown, represented by a 
function, in response conversion expression (7). 

Likewise, response conversion expression (7) can be 
obtained for signal G and signal B of the scanner from the 
graphs G-Y and B-Z. 20 



the color samples of the chromatic color system (R system, 
G system, and B system in the case of the scanner) obtained 
by scanning the color chart in step 2102 are converted using 
response conversion expression (7) to prepare the same 
graph as shown in FIG. 8. Then, as in the case of the setting 
of the while point and the black point in step S2110, the red 
point, the green point, and the blue point (expression (10)) 
are set. 



Red = (R x , R Y , R Z ) (CIEXYZ color space) (10) 

= (Rr* Re* Rb) (Scanner RGB color space) 

Green = (G x ,G r , G z ) (CIEXYZ color space) 

= (Gp t Gc, Gg) (Scanner RGB color space) 

Blue = (B x , B Y , B z ) (CIEXYZ color space) 

= (B R , B c , B B ) (Scanner RGB color space) 

Vectors are then determined by using expression (10). An 
example of only the red vector is given in expression (11); 
however, the same procedure is used also to determine the 
vectors for green and blue. 



25 



tcannerRCB 



'{Rtf-Bk^Rc-Bk^Ra-Bk*} 



(11-1) 
(H-2) 



Next, the vector in the CIEXYZ color space (expression 
11-1) is divided by the vector in the scanner RGB color 
space (expression 11-2) and the resulting vector is set as the 
chromatic color vector (expression 12). 



e H~^ai C/COz/LENCR^, tcannerRCB) 



(12) 



where LEN ( ) denotes the magnitude of the vector. 

Then, in step 2113 of FIG. 7 the chromatic color vector is 
divided. In general, once the decomposing direction of the 
vector is decided, the vector can be divided into a plurality 
of vectors. In this case, as shown in FIG. 9, the chromatic 
color vector is decomposed into vector e^ which is parallel 
to achromatic color vector m and vector e^ v on a plane 
which is perpendicular to achromatic color vector m. The 
same decomposing process applies to chromatic vectors for 
green G and blue B. 

Next, in step S2114 the first matrix is created. The 
division of the chromatic color vector in step S2113 has 
rendered three vectors (e^ e GP , and e BP shown in FIG. 10). 
A constant k which satisfies expression (13) will now be 
determined. 



m^{(W ff -Bk»>^(W c -Bk e )« c# ^(W / rBl^e a p} 



(13) 



From constant k, the first matrix Ml is created according 
to expression (14). 



55 



(14) 



The meaning of the first matrix M 2 will now be described. 
Using the first matrix M j7 expression (15) will be discussed. 



R-Bk p 

Af,| G-Bkc \*k(e RP ,e CP ,e aP 
B - Bk B 



fR-Bk*\ 
I G-Bk c . 
{B-Bk B ) 



(15) 



k(R - Bk R )e RP + k(C - Bk c )e Cf > + k(B - Bk B )e BP 



The vectors (e^, e CP , e gP ) are parallel to achromatic 
color vector m and therefore, can be substituted in expres- 
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sion (16) by using an appropriate achromatic color vector e,,, wbicb works only for chromatic color components. This 
wherein \ R , j c , and \ B are constants. matrix, therefore, represents the chromacily of the scanner. 

'.H^W^W^ (16) Exprcsion (22)-M J (m,«>M J c 3 (23) 

•/,«!. 5 In the next step S2116, the creation of the RGB-to-XYZ 

Substituting exp.ess.on (15) by us.ng expression (16) conversioQ matr £ ^ carried out , n (his malrixes M 

gives expression (17). wherein j denotes the subst..ut.on of afe added fa ion (24) t0 £ are lhe RGB '. 

the content within the braces which is a scalar. Expression . w4 . , .„ v / rr 

/n\ • j • . « i_ » • i *i_ »i_ «• *• r to- XYZ conversion matrix M. 

(17) indicates that implementing the arithmetic operation of 

expression (15) enables the conversion of matrix expression ^ m»m,+m 3 (24) 

(15) into a vector which is parallel to the achromatic color underslood from the meaning of the first matrix Ml 

vector. In other words the first matrix represents an achro- ^ ^ mmix eveQ w * eQ ao achf0malic ^ 

matic color component conversion matrix, and this matrix vectQr ^ COQversion 

represents the achromacity of the scanner. ^ M lfae ^ aQd ^ achromatic vector 

Expression (isM^R-Bk^^G-Bk^+Jt 15 make P arallel vectors having black start points. In other 

(B~BY g y g }ep-je F (17) words, the RGB-to-XYZ conversion matrix M is a matrix 

having an achromatic color vector as the specific vector 
Next, in step S2115 of FIG. 7 a second matrix is created. thereof. For this reason, the scanner read data value on an 
The division of the chromatic color vector in step S2U3 has achromatic color vector in the RGB color space of a scanner 
rendered the three vectors (e^ e cv > and e BV ) as shown in 2 o is always converted on an achromatic color vector in lhe 
FIG. 11 which are perpendicular to achromatic color vector CIEXYZ color space. 

m. In this case, for the data obtained by reading an achro- Thus, as discussed above, the data required for the RGB- 
matic color through a scanner, vectors e* v \ e GK \ and e BV * are io-XYZ conversion of step S23 shown in FIG. 2 has been 
determined so that expression (18) given below is satisfied. prepared in steps S21-S22. The XYZ-to-RGB conversion of 
These vectors e^', e^', and e sv/ ' respectively correspond to 2 5 step S23 will now be described. FIG. 12 shows the details of 
the vertical vectors e BV , c cv > and c BV . In general, many XYZ-to-RGB conversion of step S23. The XYZ-to-RGB 
combinations of e RV \e C v* and e flV ' are possible; in this case, conversion is roughly divided into XYZ-to-RGB matrix 
however, the conditions of expressions (18) and (19) shown conversion in step S230 and inverse response conversion in 
below are further added. Specifically, vectors c RV \ c GV \ and s t ep S231. These two conversions have an inverse conver- 
e^v are determined under a restricted condition where a 3 q sion relationship with the RGB-to-XYZ matrix conversion 
minimum sum of the respective variations is obtained. 0 f step S211 and the response conversion of step S210. 

Accordingly, a mathematically inverse conversion expres- 

(W^-Bk^VCWc-Bk^v'+CW^Bk^v-O (18) ^ may bg obuined tQ provide the dala f or the XYZ-tO- 

Varifltion=i£N(^^ v >+LEN(<r C v'-c<7v/)+LEN(^^flv') (19) RGB conversion of step S23. 

35 When the input image data is the scanner RGB data read 
where LEN ( ) denotes the magnitude of vector. through a scanner and the output image data is the monitor 

Using vectors e^', c GV \ and t BV ' obtained under the RGB data displayed on a monitor, the data required for the 
restricted conditions of expression (18) and expression (19), XYZ-to-RGB conversion of step S23 is the color measure- 
the second matrix M2 shown in expression (20) is deter- men t data on the monitor. The response conversion exp res- 
mined. 40 sion and the RGB-to-XYZ conversion matrix for the moni- 
tor can be obtained in the same manner as that for a scanner. 
The color measurement data on the monitor is obtained by 
The meaning of the second matrix M 2 will now be the procedure shown in FIG. 13 to create the response 
described. Using the second matrix M 2 , expression (21) will conversion expression. To prepare the color chart in step 
be discussed. 45 S2300, the image data shown in FIG. 5 is prepared. In the 

case of the monitor, the image data provides the RGB value 
of the monitor. 

In the subsequent step S2301, the color measurement of 
the color chart is performed. For the monitor, the image data 
50 prepared for the color chart is displayed on the monitor to 
perform the color measurement using a calorimeter. The 
The vector of expression (21) will now be decomposed subsequent steps from S2302 to S2305 are the same as steps 
into achromatic color vector ml and chromatic color vector 2103-2105 described for the scanner with respect to FIG. 4. 
cl (expression (22)). Accordingly, a detailed description of these steps will not be 

55 repeated for steps S2303-S2305. 
. R „ BkR ^ (22) The RGB-to-XYZ conversion matrix for the monitor is 

also generated according to the same procedure as that 
shown in FIG. 7. Accordingly, a detailed description of this 
procedure with respect to the monitor will not be repeated. 
60 Thus, the response conversion expression and the RGB- 
Expression (21) is represented as expression (23) by using to-XYZ conversion matrix for the monitor cao be obtained, 
expression (22). The first term of the right side member In the next step, the inverse conversion expressions thereof 
becomes 0 for achromatic color vector ml as shown by are mathematically obtained to provide the inverse response 
expression (18). This is because vector ml is a constant conversion expression for step S231 and the XYZ-to-RGB 
multiple of achromatic color vector m. Hence, only the 65 conversion matrix for step S230. 

second term remains. Therefore, the second matrix M 2 The expressions which have been obtained so far are 
represents a chromatic color component conversion matrix shown in expressions (25) below. The expressions for a 



M^k^gv/^O (20) 



Mi 



( R-Bk R 
G-Bkc 
B-Bk B 



= ( e W< e CV' e BV 



fR-Bk R < 
' BV )\ G-Bk c 
\B-Bk B , 



(21) 



G-Bkc 
[ B-Bk B 



= Hl\ + Cy 



08/05/2004, EAST Version: 1.4.1 



6,125,199 



15 



16 



scanner are accompanied by a subscript of Kamer and the 
expressions for a monitor are accompanied by a subscript 

Of mnrtimr- 







5 


G '-/x««,«.g( G ) 


(25-3) 










r (X,Y > Z)-M JflIwte /(R',G',B) 


(25-2) 


10 




(25-3) 




^■moaaor^r motulorjffi ) 






^*monilor^f~ monitor. G^S* ) 


(25-4) 


15 


^memttor^f monitor. affl ) 







where T denotes the transposition of a matrix. 

According to the procedures stated above, the expressions 
which represent the color characteristics of the scanner and 20 
the monitor have been obtained. The procedure for actually 
correcting a color by using these expressions will now be 
described. 

FIG. 14 shows the procedure for correcting a color. The 
scanner RGB data of step S20 is first subjected to the 25 
response conversion of step S210 for the scanner. In this 
case, the arithmetic operation based on expression (25-1) is 
implemented. Then, the RGB-to-XYZ conversion of step 
S2H, for the scanner, is performed. For this purpose, the 
arithmetic operation based on expression (25-2) is per- 30 
formed. Implementing the response conversion of step S210 
and the RGB-to-XYZ conversion of step 211 gives the 
CIEXYZ data of step S22. Since the conversion expressions 
have been obtained according to the procedures shown in 
FIG. 4 and FIG. 7, carrying out these conversions steps S210 35 
and S211 does not change the achromatic color axis of the 
scanner. 

The XYZ data of step S22 is then subjected to the 
XYZ-to-RGB conversion of step S230 for the monitor and 
the inverse response conversion of step S231 for the moni- 40 
tor. For this purpose, the arithmetic operation based on 
expression (25-3) and expression (25-4) is implemented. 
These conversions (steps S230 and S231) do not change the 
achromatic color axis of the monitor, either. 

The monitor RGB data of step S24, which has undergone 45 
the above conversions, is sent to the image output unit 3 (the 
monitor in this example) for image output. 

Thus, according to the first embodiment of the present 
invention, RGB is converted to XYZ before being converted 
back to RGB. The conversion between the aforesaid RGB 
and XYZ is carried out using conversion matrix M, which is 
the sum of achromatic color component conversion matrix 
M : and chromatic color component conversion matrix M 2 . 
The use of the conversion matrix keeps the achromatic color 
axis of the scanner and the achromatic color axis of the 
monitor unchanged at the time of conversion. Therefore, the 
present invention prevents an achromatic color from becom- 
ing hued and reddish at the time of correction, making it 
possible to obtain an image with good color balance. 

The second embodiment of the present invention will now 60 
be described. The structure of the second embodiment is the 
same as shown in FIG. 1. In the second embodiment of the 
present invention, however, the color correction unit 2 
performs color correction in a different manner from the first 
embodiment. For instance, in the second embodiment, the 65 
conversion from the scanner RGB to the monitor RGB is 
carried out without using the CIEXYZ data. 



FIG. 15 shows the procedure for correcting a color in the 
second embodiment of the present invention. FIG. 15 is a 
flowchart which corresponds to the flowchart FIG. 14. 

The scanner RGB data of step 20 is subjected to the 
scanner response conversion in step S2 10 as in the case of 
the first embodiment. In this case, the arithmetic operation 
based on expression (25-1) is performed. 

Next, in the step S212 the scanner RGB is converted to the 
monitor RGB. In this case, the arithmetic operation using the 
combination of the expression (25-2) and the expression 
(25-3) is performed. More specifically, the matrix expression 
(25-3) used for the monitor XYZ-to-RGB conversion in step 
S230 and the matrix expression (25-2) used for the scanner 
RGB-to-XYZ conversion in step S231 are used to carry out 
the conversion from the scanner RGB to the monitor RGB 
by employing a single combined matrix determined in 
advance as shown in expression (26). 



(26) 
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Then, the monitor inverse response conversion is carried 
out in step S231. For this purpose, the arithmetic operation 
based on the expression (25-4) is performed. 

Implementing the series of conversions in steps S210, 
S212, and S231 does not change the achromatic color axis 
of the scanner or the achromatic color axis of the monitor. 
Further, according to the second embodiment of the present 
invention, since the matrix shown by the expression (26) is 
determined in advance, the matrix arithmetic operation is 
carried out fewer times than in the first embodiment, thus 
achieving quicker processing. 

The third embodiment of the present invention will now 
be described. The structure of the third embodiment is the 
same as shown in FIG. 1. In the third embodiment of the 
present invention, however, the color conversion unit 2 
carries out the scanner response conversion, the conversion 
from the scanner RGB to the monitor RGB, and the monitor 
inverse conversion using lookup tables stored in memories 
such as RAM and ROM. 

FIG. 16 shows the procedure for correcting a color in the 
third embodiment of the present invention. 

Firstly, in step S213 lookup tables 1 to 9 are consulted 
using the scanner RGB data of step S20 as the argument. The 
lookup tables 1 to 9 are prepared as shown below. The 
matrix obtained by the conversion from the scanner RGB to 
the monitor RGB in step S212 in the second embodiment of 
the invention (212) provides an expression (27). 



Mn A*i3 
M Z i M 2 2 Mz3 
Mn M 32 M }3 



(27) 



For the respective elements indicated in the expression 
(27), the lookup tables 1 to 9 are created according to the 
table shown in FIG. 17. For example, the content of lookup 
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table 1 (LUT1) is obtained by carrying out tbe R operation 



: (R„ 



, r ) of the expression (25-1) for the scanner 



response conversion on the respective inputs (0 to 255) of 
the scanner and then by multiplying the obtained value by 
matrix element Mil of the expression (27). In the same 
manner, the other eight lookup tables 2 through 9 (LUT 2 
through 9), which show the R, G, and B inputs of the scanner 
in relation to the operation results, are created. Thus, the 
lookup tables are tables which indicate the correspondence 
between the scanner RGB inputs and the monitor RGB 
outputs. 

By consulting the lookup tables 1 through 9 in step S213, 
nine table values are obtained. The nine table values are 
represented as expression (28). 

luticr^^) 

LUT2{G jauiMer ) 
LUT3(B__) 

LUTSCG^J 



10 



15 



20 



(28) 



LUT6(B^,) 
LimfR^,,) 

LLrre(G jaM „j 

LUT9(B_) 



25 



Next, the table values of the lookup tables 1 through 9 are 
added in step S214. For this purpose, three table values are 
added as indicated by expression (29) to obtain three 30 
numerical values. In this manner, steps S213 and S214 
complete the scanner response conversion and the conver- 
sion from the scanner RGB to the monitor RGB. 



R" = LUTI{R lunmtr ) + LUT2(G S 
C = LUT4(R sccnner ) + LUT5(G, 
B' = LUT7{R tcomer )+ LUTS{G 3 



.)+Lt/rc(0, 

)+LUT6(B : 
)^LUT9(B i 



) (29) 
) 
) 



35 



40 



Subsequently, lookup tables a through c are consulted 
using the aforesaid three adding values as arguments in step 
S232. 

Lookup tables a through c (LUT a through c) have the 
relationship shown in FIG. 18. The contents of LUT a 45 
through c indicate the relationship between the input inter- 
mediate values R", G", and B" for monitor color correction 
obtained from the lookup tables of FIG. 17 and the results 
obtained by assigning the values to the monitor inverse 
response conversion expression of expression (25-4). 50 



-LUTKR") 
»LUTb(G") 
»LUTc(B") 



(30) 



55 



The three table values (expression 30), which have been 
obtained as the result of consulting lookup tables a through 
c using the three added values as the arguments in step S232, 
provide the monitor RGB data of step S24, which have been 
subjected to the scanner response conversion, the conversion 60 
from the scanner RGB to the monitor RGB, and the monitor 
inverse response conversion of steps S210, S212, and S231 
shown in FIG. 15. 

In the third embodiment of the invention, the operations 
are performed using lookup tables, thus enabling even 65 
quicker processing than in the second embodiment of the 
invention. 



18 



The fourth embodiment of the present invention will now 
be described. Tbe fourth embodiment of the invention 
relates to a hardware structure for accomplishing tbe pro- 
cessing of the first embodiment of the invention. 

FIG. 19 is a block diagram showing a hardware embodi- 
ment of the color correction unit 2. In FIG. 19, an input 
interface 200 controls the interface with the image input unit 
1 of FIG. 1. 

A response circuit 215 carries out the response conversion 
on the image data from the image input unit 1 according to 
the response conversion expression given in the expression 
(25-1). A register 2150, connected to the response circuit 
215, stores the coefficients and parameter values related to 
the expression (25-1). 

A matrix circuit 216 conducts the RGB-to-XYZ matrix 
conversion shown in the expression (25-2) on the output 
from the response circuit 215. A register 2160, connected to 
the matrix circuit 216, stores the coefficients and parameter 
values related to the expression (25-1). 

A matrix circuit 233 conducts the XYZ-to-RGB matrix 
conversion shown in the expression (25-3) on the output 
from matrix circuit 216. A register 2330, connected to the 
matrix circuit 233, stores the coefficients and parameter 
values related to the expression (25-3). 

An inverse response circuit 234 conducts the inverse 
response conversion in accordance with the inverse response 
conversion expression shown by the expression (25-4) on 
the output from the matrix circuit 233. A register 2150, 
connected to the inverse response circuit 234, stores the 
coefficients and parameter values related to the expression 
(25-4). 

An output interface 240 controls the interface with the 
image output unit 3 of FIG. 1 in accordance with the output 
from the inverse response circuit 234. 

The operation of the color correction unit 2 illustrated in 
FIG. 19 will now be described. Image data supplied to the 
input interface 200 undergoes the operations through the 
response circuit 215, the matrix circuit 216, the matrix 
circuit 233, and the response circuit 234 before being output 
from the output interface 240. This series of operations 
constitutes the procedure for color correction shown in FIG. 
14. The resulting output data provides the data which match 
the characteristics of the image output unit 3. 

The fourth embodiment of the invention is designed to 
implement the processing procedure of FIG. 14 by means of 
hardware or hardwire circuitry, thus enabling quicker pro- 
cessing than in the first embodiment of the invention, the 
second embodiment of the invention, or the third embodi- 
ment of the invention. Furthermore, different characteristics 
of the image input unit 1 and the image output unit 3 can be 
successfully handled merely by rewriting the contents of the 
registers 2150, 2160, 2330, and 2340. 

The fifth embodiment of the invention will now be 
described. The structure of the fifth embodiment is the same 
as FIG. 1, but may be implemented in hardware such as 
shown in FIG. 19. The fifth embodiment differs, however, 
from the previous embodiments in the method of operation. 
In the first to fourth embodiments of the invention, an RGB 
input was received and an RGB output was output. In the 
fifth embodiment of the invention, the RGB input is received 
and a CMY output is given. 

FIG. 20 shows a flowchart of the color correction pro- 
cessing in the fifth embodiment of the invention. In the fifth 
embodiment of the invention, a description will be given 
with respect to the color correction from the scanner RGB 
data in step S20 to printer CMY data in step S26. It should 
be understood that the CMY data outputs in step S26 may be 
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usedby other devices operating on CMY data, and therefore, values of the white and black color samples of the color 

is not limited to use by a printer. If a printer accepts the RGB chart. The short -dashed line of FIG. 24 represents the set 

data, then the color correction may be performed according straight line. 

to the first embodiment of the invention. If the printer T ei«« .u c L 

accepts the CMY data, however, then the scanner RGB data 5 In lhe next sle P S2515 ' * e ^eation of the response 

of step S20 is subjected to the aforesaid RGB-to-XYZ conversion expression is performed. FIG. 24 shows the 

conversion in step S21 to be convened to the well known S ra P h WDlch has been created by step S2512, the approxi- 

CIEXYZ color space data of step S22 as shown in FIG. 20. mating curve created by step S2513, and the straight line set 

After that, the XYZ data is converted to the printer CMY by step S2514. In this case, if the distance between the 

data of step S26 by the XYZ-to-CMY conversion in step S25 intersection point of the straight line drawn parallel to the 

which will be discussed in detail below. ordinate C and the approximating curve b is taken as B and 

The RGB-to-XYZ conversion in step S21 of the scanner me distance between the intersection point of the straight 

RGB data of step £20 is as described in the first embodiment ^ Uel t0 the ordinate C and the set straight line 

will nrb^re^" efore ' a detailed descn P UODof lhlSSle P a is taken as A, then the response conversion returns the 

^TbTxYzTcMY conversion in step S25 will now be " valuc of A whcn thc v f luc °[ C T B is en * crcd ' ^ f hc 

described. The details of the XYZ-to-CMY conversion in rcs P onsc conversion replaces the data on the approximating 

step S25 are given in the flowchart of FIG. 21. The XYZ- curv c with the data on the straight line, and therefore, 

to-CMY conversion in step S25 is roughly divided into linearizes the achromatic and chromatic color components 

XYZ-to-CMY matrix conversion in step S250 and inverse of a color signal. The replacing process for signal C of the 

response conversion in step S251. 20 printer is shown represented by a function in the response 

The response conversion expression is obtained according conversion expression (31-1). 

to the procedure shown in FIG. 22. The inverse of the Likew ise, the response conversion expressions for signal 

response conversion is the inverse response conversion M and gignal y ^ be Qbtained from the M , y ^ of 

(2 ti ) - . P u • -ii « CIEXYZ) and Y (Y of CM Y)-Z. The inverse conversion of 

The setting of the response conversion expression will 25 , ' v . / . . 

. . \ , . ... ... -~ . these response conversions is the inverse response conver- 

now be described in conjunction with FIG. 22 through FIG. . _ r _ r . , 

24. In step S2510 of FIG. 22, color charts including a S10n of sle P S2S1 res P onse conve ™ on expression and 

plurality of color samples corresponding to CMY digital inverse res P onse conversion expression are indicated by 

data such as shown in FIG. 23 are prepared. FIG. 23 shows expression (31) 

the color components of a cyan-based color chart. It is 30 

assumed that each color component has 8-bit gradation. C-/c(C) 

Hence, (C, M, Y)=(0, 0, 0) represents white, (C, M, Y)=(255, 

0, 0) represents pure cyan with no other component, and (C, M '-/«<M) (3i-i) 

M, Y)=(255, 255, 255) represents black. FIG. 23 indicates 

the preparation of several levels of colors from white to 35 Y -/rO0 

black via a pure color (pure cyan in FIG. 23). 

In this embodiment, only the color components of the ^ c * J 

cyan-based color chart are shown, whereas the color charts ^ 

of other types are also prepared, namely, red, green, blue, " 

magenta, yellow, and gray. The gray-based color chart 40 Y-// X (Y') 
provides the color samples of the colors from white to black 

via gray. In the case of a printer, the data of the color charts The xyz-to-CMY matrix conversion of step S250 will 

provide the CMY values for the printer. now be described. The XYZ-to-CMY matrix conversion of 

In the next step S2511, the measurement of the color step s250 is me inverse ^v^n of the CMY-to-XYZ 

charts is carried out. The plurality of color samples which 45 matfix conversion . T^fc-re, the CMY-to-XYZ conversion 

have been prepared in the step S2510 are measured using a matfix win be obtained first . 

calorimeter. The color measurement values based on the ___ , . . nn; , 

/-ir-v^T i ,u u.t ■ j FIG. 25 shows the procedure for creating the CMY-to- 

CIEXYZ color system are, thus, obtained. " , . . . * t CT n 

tu ■ c^cn „ „ u ;e „ 0 „^ r„ tK.-o ct^n fK, XYZ conversion matnx, and with reference to FIG. 25 

Then, in step S2512 a graph is created. In this step, the _ n 1 , . . 

graph is created according to the CMY values from step 50 ^ h . ' ih * Procedure for creating the CMY- to- 

S2510 and the XYZ values obtained in step S2511. The data ™* aversion matrix will be descnbed in detail. 

required for the response conversion are the CMY values of FIG- 26 illustrates a graph obtained by applying the 

the gray-based color chart and the color measurement values response conversion expression (31) to the scanned values 

of the color charts. From the data, graphs of C-X, M-Y (Y of the gray-system color charts. The CMY values which 

of CIEXYZ) and Y (Y of CMY)-Z are created. FIG. 24 55 have been subjected to the response conversion are indicated 

shows X of the color measurement values on the abscissa DV black points. Using the graph of FIG. 8, the white point 

and C of the CMY values on the ordinate. In the graph, the and the black point of the printer are set in step S2500. Since 

black dots indicate the data of the respective color samples toe white and black point of the color samples of the color 

of the color chart. cnart arc 001 necessarily the limit colors which can be 

Then, in step S2513 an approximating curve is created. In 60 obtained by the printer, the white and black points are set by 

this step, the approximating curve is obtained according to extrapolating the string of the measurement points (black 

the plotted data using a statistical approach such as the dots). 

nonlinear least squares method and the n-degree curve least Next, the setting of an achromatic color vector in step 

squares method. Solid line b shown in FIG. 24 is the S2501 of FIG. 22 is carried out. It is assumed that the white 

approximating curve. 65 point and the black point have been set as shown in 

In the following step S2514, a straight line is set. In this expression (32) in the step S2500 for setting the white point 

step, a straight line is set which passes through the read data and the black point. Each of the white and black points has 
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two values, namely, the value in the CIEXYZ color space Next, in step S2505 of FIG. 25 the second matrix is 
and the value in the CMY color space of the printer. created. The division of the chromatic color vector in step 

S2503 has rendered the three vectors (tcv£/w afl d e w) as 
shown in FIG. 29 which are perpendicular to achromatic 
whiic-Cw^w^.w^KWoW^Wy) 5 C0 | 0r veclor m . In this case, for the CMY value of the 

Black-CBk^Bk.BkXBkoBk^) (32) ach *> malic vec ">£ e'c* • and c^are determined 

kD nkowm *o m*> n K > so that expression (39) given below is satisfied. These 

An achromatic color vector m is then set as shown below vectors e' cv > e'^ and e'^ respectively, correspond to the 

by using the value of expression (32). vertical vectors e cv , e^ and e^ Vectors e^ e'^ and 

10 e'yy are also determined under a restricted condition 

m-lw^Bk^w^Bk^w^Bk*} (33) (expression 40) where a minimum sum of the respective 

variations is obtained. 

In the following step S2502, the setting of a chromatic 

color vector is carried out. The CMY values of the color (Wc-Bk^c'^ ^^Bk^e^OV^Bk^Vv-O (39) 

samples of chromatic color systems (C system, M system, 15 .... . , ^ . ^ 1 ™i , ^ mm 

and Y system m the case of a pnnter) obtained in step S2510 v v Myr MV1 ^ w 1 ; 

are converted using the response conversion expression (30) vectors e' cv , e'^ and eVv obtained by expression 

to create the same type of graph as shown in FIG. 24. The (39^ the second matrix ^ shown in expression (41) is 

cyan point, the magenta point, and the yellow point are set determined, 

as shown in expression (34) in the same manner as that for 20 

the setting of the white point and the black point in step M^fcev^A/v/Vv) (4i) 

The second matrix M 2 represents the chromatic color 
Cyan-(c.r,Cr,c z )-(c 0 c M ,c r ) component conversion matrix as in the first embodiment of 

25 the invention. 

Magenia-(M,,Mr,M z )-(M 0 M M ,M K ) (34) i n lne next slep S2506, the CMY-XYZ conversion matrix 

is created. In this step, matrixes Ml and M2 are added to 
generate the CMY-XYZ conversion matrix M. 



S2500. 



Ycllowo(Y^Y^Y z )-(Y C( Y A# ,Y y ) 



Vectors are then determined by using expression (34). An m=»mi+M2 (42) 

example of only the cyan vector is given in expression (35); 30 

however, the same procedure is used also to determine the As understood from the meaning of the first matrix Ml 

vectors for magenta and yellow. and the second matrix M2, even when an achromatic color 

vector is converted using the CMY-to-XYZ conversion 

c *ic/£Ary?-{ c jr Bk Ar» c y- Bk ^ c z- B M ( 351 ) matrix M, the converted vector and the achromatic vector 

_ , , 0 v 35 make parallel vectors having black start points. In other 

C^^^K-lCc-B^C^-Bk^CVBM (35-2) ^ CMYAQ _ xyz conV ersion matrix M is a matrix 

Next, the vector in the CIEXYZ color space (expression having an achromatic color vector as the specific vector 

35-1) is divided by the vector in the printer CMY color space thereof. For this reason, the CMY value on the achromatic 

(expression 35-2) and the resulting vector is set as the color vector in the CMY color space of a printer is always 

chromatic color vector (expression 36). converted on an achromatic color vector in the CIEXYZ 

color space. 

e<r C al ct£XYzfUEH c a , primcrCMv) ( 36 ) Th e XYZ-to-CMY matrix conversion of step S250 is then 

implemented using M" 1 which is the inverse matrix of the 

Then, in step S2503 of FIG. 25 the chromatic color vector obtained CMY-to-XYZ conversion matrix M. 

is divided. In general, once the decomposing direction of the 45 By implementing the procedure stated above, the expres- 

vector is decided, the vector can be divided into a plurality s j ons f or representing the color characteristics of the scanner 

of vectors. In this case, as shown in FIG. 27, the chromatic an d the printer have been obtained. These expressions are 

color vector is decomposed into vector (e CP ) which is use d to actually correct colors. The specific procedure is the 

parallel to achromatic color vector m and vector (e cv ) on a sa me as the correcting procedure described in the first to 

plane which is perpendicular to achromatic color vector m. 50 fourth embodiments of the invention, and therefore will not 

The same decomposing process applies to chromatic vectors De repeated, 

for magenta M and yellow Y. According to the fifth embodiment of the invention, the 

Next, in step S2504 the first matrix is created. The printer CMY data obtained in step S26, by undergoing the 

division of the chromatic in step S2503 color vector has color correcting process, retains the achromatic color axis of 

rendered three vectors (c CP ,c MP , and c YP shown in FIG. 28). 55 the scanner and the achromatic color axis of the printer 

A constant k which satisfies expression (37) will now be unchanged, thus enabling production of an image with good 

determined. color balance. 

The sixth embodiment of the invention will now be 

ro «fc{(w c -Bk c >.^ + (w w -Bk M )e Af/ . + cw y -Bk K > fyc } (37) descr ibed. sixtn embodiment of the invention relates to 

From constant k, the first matrix M 3 is created according 60 a color image system comprised of a singje or a plurality of 

to ex ression (38) image input units and a single or a plurality of image output 

" unit. For instance, the image input units may include a 

u^e cr fi Mr fi Yr ) (38) scanner, and the image output units may include a monitor 

and a printer. 

The first matrix Ml is the achromatic color component 65 FIG. 30 shows an example of the color image system. A 

conversion matrix as in the case of the first embodiment of variety of combinations are possible for the transfer of the 

the invention. color image data on the color image input/output equipment 
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as shown in FIG. 30. Such combinations are, for example, The procedure begins with step S50. Matrix M obtained 
from a scanner 40 to printer A 41, from the scanner 40 to in the first embodiment of the invention and in the fifth 
monitor A 42, from monitor A 42 to printer A 41, from embodiment of the invention can be separated into achro- 
monitor A 42 to monitor B 44, from monitor A 42 to printer matic color component conversion matrix Ml and chromatic 
B 43, and from monitor B 44 to monitor A 42. The color 5 co lor component conversion matrix M2. 
correction related to the transfer of the color image data for i n step $51, matrix M is separated into achromatic color 
the variety of combinations is carried out using the color component conversion matrix Ml and chromatic color corn- 
characteristic data shown in FIG. 31. , ponent conversion matrix M2. 

The first embodiment of the invention and the fifth , n S52 { ^ (R G B) {s l0 malrix 

embodiment of the invention have shown the method for ^ fa achrom atic color component conversion 

reducing the color characteristics ot image equipment sucb ^ m 

to obtain an achromatic color component con- 

as a scanner pnnter, and monitor into expr^wns V 

Accordingly, the data for converting the three components . r . « , . • • 

(RGB or CMY) of color image data into CIEXYZ and the s P° nds 10 black points shown in expression (8) and 

data for converting the inverse conversion data, namely, expression (32). Then, the program proceeds to step S53 for 

CIEXYZ, into the three components of color image data " evaluating the achromatic color conversion image. 

have been acquired. The former is referred to as the con- In ste P S53 > the evaluation is implemented with an 

version data in the forward direction and the latter is referred emphasis placed on the degree of the achromatic color 

to as the conversion data in the reverse direction. The (whether it is tinted or not; and which color it is tinted if any) 

scanner 40, the printers 41, 43, and the monitors 42, 44 and the degree of brightness (whether the brightness is 

shown in FIG. 30 store both forward and reverse information 20 proper or not; and whether too bright or dark if the bright- 

on the color characteristic expressions as the color charac- ness is not proper). The evaluation is carried out using a 

teristic data of the image equipment as shown in FIG. 31. calorimeter or by reducing subjective evaluation into 

The actual color correction is implemented in the follow- numeric values. 

ing manner. For instance, when sending image data from If the result of the evaluation in step S53 indicates that the 

monitor A 42 to printer A 41, the color characteristic data on 25 achromatic color component image is improper, then the 

monitor A 42 and the color characteristic data on printer A color balance is adjusted in step S54 and/or the brightness is 

41 are prepared. The color characteristic data in the forward adjusted in step S55 so as to change achromatic color 

direction on monitor A 42 is combined with the color comp onent conversion matrix Ml. 

characteristic data m the reverse direction on printer A (41) , f ^ achromatic color ^^ion image has been deter- 
to implement thecolor correction according to the procedure mined be thefl ^ s ds S5g 
LvTmion embodiments of the present ^ foUo 4 lg ^ scribes ste P ps S5 / and step S55 £ nG< 
10 Likewise, when sending image data from monitor A42 to 32 ™ e achromatic color component conversion matrix Ml 
monitor B 44, the color characteristic data in the forward 15 defined b V expression (14). Each column of achromatic 
direction on monitor A 42 is combined with the color color component conversion matrix M 1 is related to a vector 
characteristic data in the reverse direction on monitor B 44 35 parallel to achromatic color vector m which has been 
to implement the color correction according to the procedure acquired by decomposing a chromatic color vector. It is 
shown in the first to fifth embodiments of the present assumed that achromatic color component conversion 
invention. matrix Ml is represented by expression (43). 

According to the sixth embodiment of the invention, the M g 

color characteristic data on various image equipment are 40 m \ e v?M 

divided into the forward -direction data and the reverse- Vectors e lt e 2 , and e 3 have the relationship represented by 

direction data before they are stored so that depending on the expression (44). 

direction in which image data is sent, the forward-direction 

color characteristic data of one piece of image equipment «H*w 

may be combined with the reversed direction color charac- 45 c 2 -kc CP (44) 

teristic data of another piece of image equipment; thus, 

making it possible to successfully deal with various com- 3 BF 

binations of image equipment. Achromatic color vector m and vectors e 2 , e 2 , e 3 can be 

Further, in the same model, the reproduction of image represented by a diagram of FIG. 33. More specifically, 

data which has been acquired in the past is not affected by 50 vectors e ls e 2 , and e 3 are parallel to achromatic color vector 

time-dependent changes. When an image has been taken, the m. Vectors e Jt e 2 , and e 3 are the vectors of the respective 

obtained characteristic data is stored and when an image is columns of achromatic color component conversion matrix 

actually output, the most up-to-date color characteristic data Ml; therefore, the nature of the conversion of achromatic 

is created. The created characteristic data is combined with color component conversion matrix Ml can be changed by 

the stored color characteristic data, thus m along it possible 55 changing the three vectors. 

to correct a time-dependent color change in the same model. The following will describe how changing the vectors e a , 

Furthermore, as in the example of monitor A 42 and e 2J e 3 influences the conversion nature of achromatic color 

monitor B 44, a difference in color characteristics between component conversion matrix Ml. 

different models can also be corrected. (1) Assume the ratio of the magnitudes of vectors e lf e 2 , 

The seventh embodiment of the invention will now be 60 and e 3 is changed. The changed vectors are indicated as e'j, 

described. The seventh embodiment of the invention relates e' 2 , and e' 3 , and are set so that the condition of expression 

to a method for adjusting conversion matrix M. Accordingly, (45) is satisfied. 

the seventh embodiment has the same structure as in, for w^^i* and e\ arc in parallel (including the direc- 

example, FIG. 1. ti ons ) 

FIG. 32 shows the procedure carried out by the color 65 

correction unit 2 in performing the color adjustment of the and e * are " P aralleI ^ cludin s U» directions) (45) 

seventh embodiment of the invention. e 3 and e' 3 are in parallel (including the directions) 
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Expression (45) represents the relationship shown in FIG. vectors e,, e 2 , and e 3 is multiplied by a constant. 

34. In this case, the white points and the black points do not Accordingly, the black point does not change, but the white 

change, but the color balance of the intermediate part, point does change. This causes the achromatic color vectors 

namely, the gray portion, does change. In other words, to to expand or contract with the black point remaining fixed, 

change the intermediate gray balance, the ratio of vectors e 3 , 5 The coefficient of the expansion and contraction remains the 

e 2 , and e 3 is changed to satisfy expression (45). same, whereas the magnitude of the expansion and contrac- 

(2) Assume the white point is changed and the directions lion reaches the maximum value at the white point. Although 
of vectors e Jf e 2 , and e 3 are changed. The changed vectors the gray portion also expands or contracts uniformly, the 
are indicated as e' ai e 2 , and e 3 and are set so that the color balance remains unchanged. This means that imple- 
condition of expression (46) is satisfied. 10 menting this operation enables the brightness of a color near 

the white point to change. In other words, changing only the 

LENfcj-LENfc'j brightness of a color near the white point can be accom- 
plished simply by changing the magnitudes of vectors e a , e 2J 

LEN(<r2)=LEN(e'2) (46) anc j ^ t0 satisfy expression (48) and by changing the white 

15 point. 

LEN(e 3 )=LEN(f' 3 ) ^ y^u^ tDe fc lack ^ changed and the magnitudes 

, , , , , 11 w i j« .u of vectors e,, e^ and e 3 are changed. The changed vectors 

d- ak£S ^ 1D P " are todicated " e '» e * and e ' 3 aDd are set *° ,hal the 

1 . ___ condition of expression (49) is satisfied. Reference character 

Expression (46) represents the relationship given in FIG. 2Q ^ meaQS ^ coefficient of lhe expansion or contraction of 

aS^Specifically FIG. 35 shows the rotation of vectors e lf e 2 , ^ achromalic color veclore caused by cha j lhe 51ack 

and e3 about the black point. Accordingly, the black point - m 
does not change, but the white point does change. This also 

causes the achromatic color vector to turn with the black m'-km 
point as the center thereof. The change in the color balance 25 

of the intermediate gray portion increases toward the white e% • te i*2" te aA -*e, (49) 

point. In other words, to change the balance of a color close Expression (49) indicates the relationship shown in FIG. 

to the white point without changing the balance of a color 38. The relationship shown in FIG. 38 is obtained when each 

close to the black point, the directions of vectors el, e2, and 0 f vectors e lt e 2 , and e 3 is multiplied by a constant. The 

e3 are changed to satisfy expression (46). 3Q white point does not change, but the black point does 

(3) Assume the black point is changed and the directions change. This causes the achromatic color vectors to expand 
of vectors e lf e 2 , and e 3 are changed. The changed vectors or contract with the white point remaining fixed. The coef- 
are indicated as e' 3 , e' 2 , and e' 3 and are set so that the ficient of the expansion and contraction remains the same, 
condition of expression (47) is satisfied. whereas the magnitude of the expansion and contraction 

35 reaches the maximum value at the black point. Although the 

LENfcJ-LENfc'J g rav portion a iso expands or contracts uniformly, the color 

balance remains unchanged. This means that implementing 

LENfc^-LENM ( 47 ) m is operation enables the brightness of a color near the black 

LENfe WLENfc' ) p0 * at t0 c ^ aa S e * I Q otncr wor ^ s » changing only the bright- 

3 " 3 40 ness of a color near the black point can be accomplished 

e' lf e' 2 , e' 3 , and m' are in parallel (including the simply by changing the magmtudes of vectors e, e 2 and e 3 

directions) t0 satis ^ expression (49) and by changing the black point. 

Expression (47) represents the relationship shown in FIG. According to the evaluation result given k » at ep S53 i the 

36. Specifically, FIG. 36 shows the rotation of vectors e x , e 2 , P^ng of either one or both of steps S54 and S55 is 
and e 3 about the white point. Accordingly, the white point " rned ° 1 ut u In stc P S5 *> tbe Processing in (1), (2), and (3) 
does not, but the black point does change. This also causes d **f ed above 15 implemented 

the achromatic color vector to turn with the white point as A . Likewise m step S55, the processing in (4) and (5) 

the center thereof. The change in the color balance of the discussed above is performed. 

intermediate gray portion increases toward the black point. In ste ? Sf *' ^jus ment matrix M 1 is obtained from 

In other words, to change the balance of a color close to the 50 vectors e\ e ' 2 , and c' 3 , which have been acquired in step 

black point without changing the balance of a color close to S55 > accord mg to expression (50). 

the white point, the directions of vectors e 1 , e 2 , and e 3 and Ml'-Ke^e/,^') (50) 
the black point are changed. 

(4) Assume the while point is changed and the magnitudes In ste P S57 ' adjustment matrix M\ obtained in step S56 
of vectors e,,e 2 , and e 3 are changed. The changed vectors 55 15 substituted for matrix M r After that, the processing 
are indicated as c' lf e' 2 , and e' 3 and are set so that the remrns 10 sle P S52 - Then, lne Processing loop of steps S52, 
condition of expression (48) is satisfied. Reference character S53 : S54 > S55 » S56 > S57 * repeated untl1 P r0 P er evaluation 
"k" means the coefficient of the expansion or contraction of k & y * n in ste P ^53. 

the achromatic color vectors caused by changing the white When the evaluation in step S53 is determined to be 

p 0 j nl 60 proper, the processing proceeds to step S58. In step S58, the 

image data (R, G, B) is subjected to matrix operation using 

m ' nkm chromatic color component conversion matrix M, to obtain 

a chromatic color component conversion image. The data 

c^-ke 1 ,c 2 '-fe2,c 3 '»Jkcj (48) (Bk^, Bk^, Bk B ) indicates the black points shown in expres- 

65 sion (8) and expression (32). The processing then proceeds 

Expression (48) indicates the relationship shown in FIG. to step S59 for evaluation of the chromatic color conversion 

37. The relationship illustrated is obtained when each of image. 
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Id step S59, tbe evaluation is implemented with an (7) Assume the magnitudes of vectors e 4 , e 3 , and e 6 are 

emphasis placed on the degree of vividness and the degree changed. The changed vectors are indicated as e' 4 , e' 5 , and 

of hue (whether the color has been properly reproduced; and e' 6 and are set so that the condition of expression (55) is 

which color it is deflected to if it has not been properly satisfied. Reference character "k" denotes the coefficient of 

reproduced). The evaluation is carried out using a calorim- 5 the expansion or contraction of vectors e 4 , e lf and e 6 . 
eter or by reducing subjective evaluation to numeric values. 

If the result of the evaluation in step S59 indicates that the (W^B^^^-B^^CW^B^'fi-O 

achromatic color conversion image is improper, then the hue e , ^ , ^ ( 55 ) 

is adjusted in step S5fl and the vividness is adjusted in step 

S56 to change the achromatic color component conversion 10 The relationship represented by expression (55) is shown 

matrix M 2 . If it is determined that the chromatic color m FIG. 41. Vectors e 4 , e 5 , e 6 and vectors e 4 , e' 5 , e' 6 are on 

conversion image is proper, then processing proceeds to step the same plane. Vectors e* 4 , e' 5 , and e* 6 are obtained by 

S5e. multiplying vectors e 4 , e 5 , and e 6 by k. In this case, the 

The following describes steps S5a and S5b. vividness is uniformly changed. When k=0, no vividness 

The chromatic color component conversion matrix M 2 is 15 exists. In other words, the whole vividness can be changed 

defined by expression (20). The respective columns of the by changing the magnitudes of vectors e 4 , e 5 , and e 6 . 

chromatic color component conversion matrix M 2 are com- (8) Assume the directions and magnitudes of vectors e4, 

posed of the vectors which satisfy expression (51) in relation e 5, and e6 are individually changed. In (6) and (7) discussed 

to color vector m. If the black point or the white point is above, vectors e4, e5, and e6 were changed uniformly, 

changed in step S54 or step S55, then the chromatic color 20 whereas in (8) these vectors can also be changed separately, 

component matrix M 2 is redetermined from matrix M. j n this case also, the separation from the achromatic color 

Therefore, the chromatic color component conversion component conversion matrix Ml can be retained by making 

matrix M 2 is different from chromatic color component M 2 the change so that the condition of expression (56) is 

acquired in step S51. satisfied. 

25 

(W^-Bk^eV^-CWc-Bkc^'c^CWtf-BkflV'flv-O (51) (W^-Bk^^+fWc-B^^V+OV^-B^e^-O (56) 

It is assumed that chromatic color component conversion Changing the magnitudes of the respective vectors 

matrix M 2 is represented by expression (52). changes the vividness and changing the directions of the 

M (52 . 3Q vectors changes the hue. Hence, to change the vividness or 

2"K e 4^s^6} ^ue 0 £ a p art j cu i ar color portion according to the evaluation 

Vectors e 4 , e 5 , and e 6 have the relationship represented by in step S59, the vector near that color is changed. For 

expression (53). example, if the color is red, then the vector related to vector 

e^ is adjusted or if the adjustment is made using comple- 

e <rte'*v 35 mentary colors, then the vectors related to vectors e fl and e G 

e^ke'ev (53) are ^justed anc * otner vectors are changed so as to minimize 

the variation. 

<5<H«V According to the evaluation result given in step S59, the 

, . . . 4 . „ processing of either one or both of steps S5a and SSb is 

Vectors e 4 , e s , and e fi can be represented diagrammatically . j . » ♦ P . . - a /o\ • 

. . 4 ' ' in w 11 4 a >n earned out. In step S5a, the processing in (6) and (8) is 

as shown in FIG. 39. More specifically, vectors e 4 , e 5 , and 40 . V . Q \ .J[ t .® Mr \ ' . n V 

iL , . J . ' , implemented. Likewise, in step S5o, the processing in (7) 

e 6 are on the same plane. Vectors e 4 , e S) and e 6 are the £ nerformed 

elements of the chromatic color component conversion I ^ P adjustrae nt matrix M' 2 is obtained from 

matrix M 2 ; therefore, the nature of the conversion of the £ • J ^ h ^ « 6 

chromatic color component conversion matrix M 2 can be and £ » ^ tQ e ion ^ 7) . 

changed by changing the three vectors. 45 r or 

The following will describe how changing vectors e 4 , e 5 , M2'-(ei;<?2>3') (57) 
and e 6 influences the conversion nature of the chromatic 

color component conversion matrix M 2 . In step S5rf, adjustment matrix M 2 obtained in step S5c 

(6) Assume the directions of all vectors e 4 , e 5 , and e 6 are is substituted for M 2 . After that, processing returns to step 

changed. The changed vectors are indicated as e' 4 , e' s , and 50 S58. Then, the processing loop of step S58, S59, SSa, SSb, 

e' 6 and are set so that the condition of expression (54) is S5c, and SSd is repeated until proper evaluation is given in 

satisfied. step S59. 

When the evaluation in step S59 is proper, processing 

(Wff-Bk^cXWc-BkcV's+tw^BkaJe's-o proceeds to step S5e. In step S5e, matrix M is determined 

LEN(e 4 )=LEN(e' 4 ) 55 from adjustment matrices M a and M 2 . The matrix thus 

obtained is separated into the achromatic color component 

LEN(e 5 )=LEN(f' 5 ) (54) conversion matrix and the chromatic color component con- 
version matrix; therefore, an achromatic color is converted 
to an achromatic color, thus allowing a chromatic color to be 



LENfcg-LENM 



(e 4 xe 4 ), (e 5 xe' 5 ), and (e 6 xe' 6 ) are in parallel, wherein "x" 60 converted without being affected by an achromatic color, 
denotes the outer product of the vectors. The color characteristics of the various pieces of image 

Expression (54) represents the relationship shown in FIG. equipment are represented using the matrices obtained in 
40. Vectors e 4 , e 5 , c 6 and vectors e'^ e' 5 , e' 6 are on the same step S5e and the actual color correction is implemented 
plane. Vectors e' 4 , e' 5} and e' 6 are obtained by turning vectors using the method described in the first embodiment, etc. of 

e 4 , e 5 , and e 6 . In this case, the hue is uniformly turned. In 65 the present invention. 

other words, the whole hue can be changed by changing the Thus, according to the seventh embodiment, conversion 
directions of vectors e 4 , e 5 , and e 6 . matrix M can be adjusted according to the evaluation result, 
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so thai proper color correction can be achieved. axa'^a'^'j,) 
Furthermore, matrix M is separated into achromatic color 

component conversion matrix Mj and chromatic color com- A 1V * A2V " A > y > * ' 

ponent conversion matrix M 2 in performing the adjustment; tw0 matrices A , and A , afe of lhc 

therefore, the adjustment for an achromatic color can be 5 veclors which expression {13) and expression (18); 

independently carried out from the adjustment for a chro- malrix A is an achromatic color component 

matic color. This is another advantage, namely, easier adjust- conversion matrix and matrix Ay is a chroraatic color 

mem - „ , component conversion matrix. 

The eighth embodiment of the invention will now be 

described. 10 A'-AV+AV (64) 

In the first to seventh embodiments of the invention, the 
method for creating the achromatic color component con- As shown in expression (64), the matrix resulting from 
version matrix and the chromatic color component conver- adding the achromatic color component conversion matrix 
sion matrix from measurement data and also the method for and the chromatic color component conversion malrix is 
implementing color correction by using the measurement is defined as color correction matrix A 1 . The matrix thus 
data has been described. In the eighth embodiment of the defined makes it possible to adjust a color by the color 
invention, a description will be given to a specific method adjusting approach shown in the seventh embodiment of the 
for applying these methods, which is used to separate the invention. Further, actual color correction can be accom- 
achromatic color component matrix and the chromatic color plished by using the adjusted matrix, 
component matrix, to an image system which is color 20 The ninth embodiment of the invention will now be 
corrected according to a well-known color correction matrix described. The ninth embodiment of the invention relates to 
A. a specific hardware configuration for implementing the color 

It is assumed that the color correction represented by correcting methods of the first to eighth embodiments of the 
expression (58) is being implemented in an image system. invention described above. 

25 FIG. 42 shows a circuit block diagram of the ninth 
(58) embodiment of the invention. In FIG. 42, an input circuit 61 
receives image data from an external device, a response 
circuit 62 carries out the response conversion on the image 
data, a matrix circuit 63 connected to the response circuit 62 
30 implements the matrix conversion, a matrix circuit 64 con- 
The vectors of the three columns of matrix A are indicated nected to the matrix circuit 63 via selector 60O, implements 
by Aj, A 2 , and A 3 . This is shown in expression (59) the matrix conversion for color adjustment, a matrix circuit 

65 connected to the matrix circuit 64 via selector 6a2 
A H a n> a 2v a n) implements inverse matrix conversion, a response circuit 66 

35 connected to the matrix circuit 65 via selector 6a3 imple- 
ments on inverse response, a selector 67 selects a single 
A 3 =(fl l3 ,a 2 3,03 3 ) input from among a plurality of inputs from the response 

circuit 62, matrix circuits 63—65, and the response circuit 66, 
Vector n indicates the sum of column vectors A 3 , A^, and an outpul circuit 68 sends out image data to the external 
A 3 . Vector n corresponds to achromatic color vector m. 40 device, a communication circuit 67 controls the communi- 
cation with a control unit (not shown) such as a CPU, and 
2-input/l-output selectors 60O, 6al, 6a2, and 6a3 select the 
Then, column vectors A,, A^, and A3 are decomposed in input from the response circuit 62 and the malrix circuits 
the direction of vector n and a direction which is perpen- 63-65, respectively, or the input from the input circuit 61. A 
dicular thereto. It is assumed that the vectors are decom- 45 color conversion circuit block 6 is constructed by the input 
posed as shown by expression (61). circuit 61 through the communication circuit 69. These 

circuits are mounted on a board or formed into an LSI chip 
Aj-A^a^ or device. 

The operation of the color conversion circuit block 6 will 
a z -a 2 ^a 2k (61) 50 now be described. The control unit, which is not shown, 

reads the color characteristic data shown in FIG. 31 and 
sends the response conversion data, the RGB-to-XYZ con- 
In general, parallel vectors A^ A^, and A3P of expres- version data, the inverse response conversion data, and the 
sion (61) do not satisfy the condition corresponding to XYZ-to-RGB conversion data, which are described therein, 
expression (13) and vertical vectors A 1V > A 2V > and A 2V do 55 to the color conversion circuit block 6. Further, color adjust- 
not satisfy the condition corresponding to expression (18); ment data is also sent and stored although the color adjust- 
therefore, the parallel vectors and the vertical vectors are ment data is not shown in FIG. 31. Specifically, the color 
adjusted to satisfy these conditions. For this purpose, the adjustment data is read by the control unit and sent to the 
method described in the first embodiment of the invention is color conversion circuit block 6. The sent data is received by 
employed. The vectors obtained after the adjustment are 60 the communication circuit 69 and sent to the response circuit 
represented by expression (62). 62, the matrix circuit 63, the matrix circuit 64, the matrix 

circuit 65, or the response circuit 66 according to the 
^ipA'wA'ip • • ■ Parallel vectors contents of the data so as to set up the respective circuits. 

aw^v ■ • • Vertical veciors (62) Specifically, the response conversion ^data is sent to the 

65 response circuit 62; the RGB-to-XYZ conversion data is 
Two matrices, which have the vectors given in expression sent to the matrix circuit 63; the color adjustment data is sent 
(62) as the column vectors, are considered. to the matrix circuit 64; the XYZ-to-RGB conversion data is 



Az-Cfli^i^z) ( 59 ) 



«=A 1 +A 3 +A 3 (60) 



A 3 =A 3f >+A 3y 
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sent to the matrix circuit 65; and the inverse response To display the image data recorded in the recording device 

conversion data is sent to the response circuit 66. 75 on the monitor 73, the following procedure is iraple- 

Iraage data is received by the input circuit 61. The output mcnted. The computer 70 reads the color characteristic data 

of the input circuit 61 is supplied to the response circuit 62 on the monitor 73, which is present in the recording device 

and the selectors 6*0, 6al, 6*2, and 6*3. The switching 5 75 » aQ d ^ U P tne wloi correction circuit on the board 71. 

among the selectors 6*0, 6*1, 6*2, and 6*3 is performed in At this ^me, the selector 6*in the input stage is set so that 

accordance with the instructions given by the control unit ! l selects the output of the input circuit 61, the selector 6*3 

via the communicauon circuit 69. The control unit selects « »«* f « L^^f lh ' ™*P* of matnx arcuit 63, and 

among the selectors 6*0, 6*1, 6*2, and 6*3 depending on ^ CC ™ ™ ° ? T% q"? 50 , T 

. . ° . « > * . . Y ? . output of the response circuit 66. Subsequently, the image 

which processing is to be implemented on the image data^ 10 P recordin dcvice ^ ^ ^ {m * 

Further, the selector 67 connected to the output of each data, which has been described in XYZ, is described in RGB 

processing circuit is also actuated in accordance with the vU tfae boafd n and ^dtd to color correction. The RGB 

instructions given by the control unit via the commumcation data ^ then displayed on the monitor 73. 

circuit 69. For instance, when only color adjustment need to ^ an alternative, the color correction stated in the ninth 

be carried out, the selector 6*1 is set for the input circuit 61 15 embodiment of the invention may be mounted on the 

and the remaining selectors 6*0, 6*2, and 6*3 are set for the scanner 72. The scanner 72 incorporates, in addition to the 

processing circuits. Furthermore, the selector 67 is set so color correction circuit, an LSI chip or device for commu- 

that the output of the matrix circuit 64 is selected. nication with a host computer and a RAM, ROM, EEPROM 

The image data supplied to the response circuits 62 and 66 (erasable ROM), etc. for storing color characteristic data; the 

and the matrix circuits 63, 64, and 65 are subjected to the 20 scanner 72, of course, also incorporates a sensor, an optical 

operations according to the color characteristic data which system and the like for reading an image, 

have been set up and the results thereof are output. The The operation of this alternative color matching system 

output data are supplied to the processing circuit in the will be described. The color correction circuits are set up by 

subsequent stage or if selected by the selector 67, handed the color characteristic data (FIG. 31) stored in the ROM or 

over to the output circuit 68, and sent to the external device. 25 the like; or the color correction circuits are set up by the 

In the ninth embodiment of the invention, the circuit block color characteristic data sent from the host computer via the 

for the color correction LSI chip or device is shown; LSI chip or device for communication. After the setup, the 

however, the LSI chip or device may alternatively be scanner 72 scans an image, and the image data output from 

mounted on a board of a computer for image processing. the scanner 72 is supplied to the color correction circuit 

The tenth embodiment of the present invention will now 30 where the image data undergoes color correction based on 

be described. FIG. 43 shows the configuration of a color the color characteristic data. 

matching system 7 according to the tenth embodiment of the As an alternative, the color correction circuit stated in the 
present invention. FIG. 43 illustrates a computer 70 which ninth embodiment of the invention may be mounted on the 
performs various types of control and processing. Aboard 71 monitor 73. The monitor 73 incorporates, in addition to the 
contains the color correction LSI chip or device, which has 35 color correction circuit, an LSI chip or device for commu- 
been discussed in the ninth embodiment of the invention, is nication with the host computer and a RAM, ROM, 
mounted on the computer 70. FIG. 43 further illustrates a EEPROM (erasable ROM), etc. for storing color character- 
scanner 72, a monitor 73, and a printer 74 connected to the istic data; the monitor 73, of course, also incorporates a CRT 
computer 70. A recording device 75 is also connected to the and the like for displaying an image, 
computer 70, and records and stores image data and color 40 The color correction circuit is set up by the color char- 
characteristic data. acteristic data (FIG. 31) stored in the ROM or the like; or the 

The operation of the color matching system 7 of FIG. 43 color correction circuit is set up by the color characteristic 

will now be described. The description will be given with data sent from the host computer via the LSI chip or device 

respect to an example wherein the image data read through for communication. After the setup, the image data sent from 

the scanner 72 is displayed on the monitor 73. The computer 45 the host computer is supplied to the color correction circuit 

70 reads the color characteristic data on the scanner 72 and where the image data undergoes operation based on the color 

the monitor 73, which are present in the recording device 75, characteristic data before it is displayed on the CRT. 

and sets up the color correction LSI chip or device on the As an alternative, the color correction circuit stated in the 

board 71. Then, the scanner 70 is actuated and color cor- ninth embodiment of the invention may be mounted on the 

rection is performed via the board 71 on the image data 50 printer 74. The printer 74 incorporates, in addition to the 

output from the scanner 70 before the image data is sent to color correction circuit, an LSI chip or device for commu- 

and displayed on the monitor 73. The same applies to a case nication with the host computer and a RAM, ROM, 

wherein data is sent from the monitor 73 to the printer 74 or EEPROM (erasable ROM), etc. for storing color character- 

from the scanner 70 to the printer 74. istic data; the printer 74, of course, also incorporates a 

To record the image data read through the scanner 70 in 55 thermal head, an ink head, a drum, and the like for printing 

the recording device 75, the following procedure is imple- images for each type of printing. 

mented. The computer 70 reads the color characteristic data The color correction circuit is set up by the color char- 
on the scanner 72 from the recording device 75 and sets up acteristic data (FIG. 31) stored in the ROM or the like; or the 
the color correction circuit on the board 71. At this time, the color correction circuit is set up by the color characteristic 
selector 6*0 in the input stage is set so that it selects the 60 data sent from the host computer via the LSI chip or device 
output of the response circuit 62, and the selector 67 in the for communication. After the setup, the image data sent from 
output stage is set so that it selects the output of the matrix the host computer is supplied to the color correction LSI 
circuit 63. Next, the scanner 70 is actuated and color where the image data undergoes operation based on the color 
correction is performed via the board 71 on the image data characteristic data before it is sent to the head or the like for 
output from the scanner 70 and the result is provided as the 65 printing the image. 

XYZ data. The XYZ data is recorded in the recording device As an alternative, the color correction circuit stated in the 

75, ninth embodiment of the invention may be mounted on a 
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hard disk (not shown) connected to the computer 70. The 
hard disk incorporates, in addition to the color correction 
circuit, an LSI chip or device for communication with the 
host computer; the hard disk, of course, also incorporates a 
disk for storing data, a read/write head, etc. 5 

The color characteristic data shown in FIG. 31 is stored 
beforehand in the hard disk. The color correction circuit is 
set up using the color characteristic data (FIG. 31) which has 
been stored. Or, if a plurality of color characteristic data 
have been stored, then the setup is carried out using color 10 
characteristic data according to the instruction from the host 
computer via the LSI chip or device for communication. 
After the setup, the image data sent from the host computer 
is supplied to the color correction LSI chip or device where 
the image data is subjected to the operation based on the 15 
color characteristic data before it is sent to the head or the 
like and written to the hard disk. To read out the image data, 
the processing is implemented on the image data in the color 
correction circuit according to the instruction given by the 
host computer and the image data is sent to the host 20 
computer. 

The eleventh embodiment of the invention will now be 
described. FIG. 44 shows the color characteristic data cre- 
ating system 8 which forms an eleventh embodiment of the 
invention. FIG. 44 illustrates the computer 70 which per- 25 
forms various types of control and processing. FIG. 44 
further illustrates the scanner 72, the monitor 73, and the 
printer 74 connected to the computer 70. The recording 
device 75 is also connected to the computer 70, and records 
and stores image data and color characteristic data. 30 
Additionally, a calorimeter 80, which is capable of measur- 
ing the colors of a test chart, an image printed by the printer 
74 and an image displayed on the monitor 73 is connected 
to the computer 70. 

The operation of the color characteristic data creating 35 
system 8 of FIG. 44 will now be described. The eleventh 
embodiment of the invention is a system which creates color 
characteristic data by employing the method described in the 
first embodiment of the invention and the fifth embodiment 
of the invention. FIG. 45 shows the processing procedure. 40 

Firstly, color measurement in step S800 is performed. For 
this purpose, the colors of the test chart in the case of the 
scanner 72, the display test chart displayed by the monitor 
73 under the control of the computer 70, or the test chart 
printed out by the printer 74 under the control of the 45 
computer 70 are measured using the calorimeter 80. The 
color measurement data are taken into the computer 70 
before proceeding to step S801 for creating color charac- 
teristic data. 

In the step S801 for creating color characteristic data, the 50 
color characteristic data (FIG. 31) is created according to the 
method shown in the first embodiment of the invention and 
the fifth embodiment of the invention. Accordingly, a 
detailed description thereof will be omitted. 

Then, the computer 70 proceeds to step S802 for storing 55 
the created color characteristic data. In this step, the color 
characteristic data (FIG. 31) which has been created in the 
step S801 is recorded in the recording device 75. The 
recorded color characteristic data (FIG. 31) is then read out 
and used for color correction as necessary. 60 

The present invention converts a color input signal from 
an image input unit by employing the conversion matrix 
obtained based on the achromatic color component conver- 
sion matrix and the chromatic color component conversion 
matrix for an image input unit, and performs the inverse 65 
conversion step for inversely converting the conversion 
output given in the aforesaid conversion step by employing 



the inverse conversion matrix obtained based on the achro- 
matic color component conversion matrix and the chromatic 
color component conversion matrix for an image output 
unit; therefore, good color correction with intact color 
balance can be achieved. 

Further, according to the present invention, the above 
operation is carried out using a synthetic matrix, which is 
synthesized beforehand from the conversion matrix in the 
aforesaid conversion step and the inverse conversion matrix 
in the aforesaid inverse conversion step; therefore, the 
number of the operations based on the color correction 
matrices can be reduced, permitting quicker color correction 
processing. 

Further, according to the present invention, the matrix 
operation is performed based on a lookup table system, thus 
permitting even quick color correction processing. 

Furthermore, the present invention provides a first adjust- 
ing step and a second adjusting step for respectively cor- 
recting the achromatic color component conversion matrix 
and the chromatic color component conversion matrix of the 
conversion step or the inverse conversion step; therefore, the 
adjustment of the color correction processing can be per- 
formed. 

Moreover, the present invention provides a plurality of 
image input units for converting a color signal by using the 
conversion matrix obtained according to the specific achro- 
matic color component conversion matrix and the chromatic 
color component conversion matrix, and for issuing the 
converted color signal. The present invention further pro- 
vides a plurality of image output units for inversely con- 
verting a color signal, which has been input, by using the 
inverse conversion matrix obtained according to the specific 
achromatic color component conversion matrix and chro- 
matic color component conversion matrix; wherein the 
signal between the plurality of image input units and the 
plurality of image output units is the signal which has been 
converted using the conversion matrix. Therefore, each of 
the various pieces of image equipment can be provided with 
appropriate color characteristics, thus achieving a system 
which features good color control. A change of the combi- 
nation of the image input units and the image output units 
simply requires changing the color characteristic data. 

While the invention has been described in connection 
with what is presently considered the most practical and 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments, but on 
the contrary, is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope 
of the appended claims. 

What is claimed is: 

1. A color correcting method comprising: 

converting a first color signal of a first format into a 
second color signal of a second format using a conver- 
sion matrix, 

said first format being a format used by an imaging 
device, said conversion matrix being associated with 
said imaging device, 

said conversion matrix being obtained based on an ach- 
romatic color component conversion matrix and a 
chromatic color component conversion matrix repre- 
senting chromaticity and achromaticity of said imaging 
device; and 

inversely converting said second color signal into a third 
color signal of a third format, said third format being a 
format used by an image output unit, 

said inverse converting being performed using an inverse 
conversion matrix, said inverse conversion matrix 
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being obtained based on an inverse of a conversion 
matrix associated with said image output unit, and said 
conversion matrix associated with said image output 
unit being obtained based on an achromatic color 
component conversion matrix and chromatic color 5 
component conversion matrix representing chromatic- 
ity and achromaticity of said image output unit, 
wherein said conversion matrix associated with said 
imaging device is mathematically independent of said 
conversion matrix associated with said image output 10 
unit; and 

wherein said achromatic color component conversion 
matrix and said chromatic color component conversion 
matrix associated with said imaging device are gener- 
ated according to the steps of: 15 
setting an achromatic color vector associated with said 
imaging device based on a white point and black 
point associated with said imaging device; 
setting chromatic color vectors based on points of three 
primary colors in said first format associated with 2 o 
said imaging device; 
decomposing each chromatic color vector into a first 
and second vector based on said achromatic color 
vector, said first vector being parallel to said achro- 
matic color vector, and said second vector being 2 s 
perpendicular to said achromatic color vector; 
determining said achromatic color component conver- 
sion matrix in accordance with said first vector 
decomposed from each of said chromatic color vec- 
tors; 30 
determining said chromatic color component conver- 
sion matrix in accordance with said second vector 
decomposed from each of said chromatic color vec- 
tors; and 

wherein said determining said chromatic color compo- 35 
nent conversion matrix step includes the steps of: 
determining third vectors, each third vector having 
the same direction and corresponding to one of 
said second vectors, said third vectors being deter- 
mined such that a sum of said third vectors equals 40 
zero, and a sum of the differences between mag- 
nitudes of each third vector and a corresponding 
one of said second vectors is a minimum; and 
determining said chromatic color component con- 
version matrix in accordance with said third vec- 45 
tors. 

2. A color correcting method according to claim 1, 
wherein said conversion step and said inverse conversion 
step are simultaneously carried out using a synthetic matrix 
which is synthesized from said conversion matrix and said 50 
inverse conversion matrix. 

3. A color correcting method according to claim 1, 
wherein operation based on said conversion matrix in said 
conversion step is performed by employing a lookup table. 

4. A color correcting method according to claim 1, 55 
wherein operation based on the inverse conversion matrix in 
said inverse conversion step is performed by employing a 
lookup table. 

5. A color correcting method according to claim 1, com- 
prising: 60 

implementing a response conversion associated with said 
imaging device on said first color signal before said 
conversion step, said response conversion linearizing 
chromatic and achromatic components of said first 
color signal; and 65 

implementing an inverse response conversion associated 
with said image output unit on said third color signal, 



said inverse response conversion being an inverse of a 
response conversion associated with said color output 
unit. 

6. A color correcting method according to claim 1, 
wherein said achromatic color component conversion matrix 
and said chromatic color component conversion matrix 
associated with each of said imaging device and said color 
output unit are independent from each other. 

7. A color correcting method according to claim 1, 
wherein said conversion matrix associated with said imaging 
device and said conversion matrix associated with said 
image output unit keeps an achromatic color axis of said 
imaging device and ao achromatic color axis of said image 
output unit unchanged during said conversion step and said 
inverse conversion step, respectively. 

8. A color correcting method according to claim 1, 
wherein said first format and said third format are the same 
format. 

9. A color correcting method according to claim 1, 
wherein said imaging device is a scanner, and said color 
output device is one of a monitor and a printer. 

10. A color correcting method comprising: 
converting a first color signal of a first format into a 

second color signal of a second format using a conver- 
sion matrix, 

said first format being a format used by an imaging 
device, said conversion matrix being associated with 
said imaging device, 

said conversion matrix being obtained based on an ach- 
romatic color component conversion matrix and a 
chromatic color component conversion matrix repre- 
senting chromaticity and achromaticity of said imaging 
device; and 

inversely converting said second color signal into a third 
color signal of a third format, said third format being a 
format used by an image output unit, 

said inverse converting being performed using an inverse 
conversion matrix, said inverse conversion matrix 
being obtained based on an inverse of a conversion 
matrix associated with said image output unit, and said 
conversion matrix associated with said image output 
unit being obtained based on an achromatic color 
component conversion matrix and chromatic color 
component conversion matrix representing chromatic- 
ity and achromaticity of said image output unit, 

wherein said conversion matrix associated with said 
imaging device is mathematically independent of said 
conversion matrix associated with said image output 
unit; 

wherein said achromatic color component conversion 
matrix and said chromatic color component conversion 
matrix associated with said color output unit are gen- 
erated according to the steps of: 
setting an achromatic color vector associated with said 
color output unit based on a white point and black 
point associated with said color output unit; 
setting chromatic color vectors based on points of three 
primary colors in said third format associated with 
said color output unit; 
decomposing each chromatic color vector into a first 
and second vector based on said achromatic color 
vector, said first vector being parallel to said achro- 
matic color vector, and said second vector being 
perpendicular to said achromatic color vector; 
determining said achromatic color component conver- 
sion matrix in accordance with said first vector 
decomposed from each of said chromatic color vec- 
tors; and 
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determining said chromatic color component conver- 
sion matrix in accordance with said second vector 
decomposed from each of said chromatic color 
vectors, 

wherein said determining said chromatic color compo- 5 
nent conversion matrix stem includes the steps of: 
determining third vectors, each third vector having 
the same direction and corresponding to one of 
said second vectors, said third vectors being deter- 
mined such that a sum of differences between 
magnitudes of each third vector and a correspond- 
ing one of said second vectors is a minimum; and 
determining said chromatic color component con- 
version matrix in accordance with said third vec- 
tors. 

U . A color correcting method comprising: 

converting a first color signal of a first format into a 
second color signal of a second format using a conver- 
sion matrix, 20 

said first format being a format used by an imaging 
device, said conversion matrix being associated with 
said imaging device, 

said conversion matrix being obtained based on an ach- 
romatic color component conversion matrix and a 25 
chromatic color component conversion matrix repre- 
senting chromaticity and achromaticity of said imaging 
device; and 

inversely converting said second color signal into a third 
color signal of a third format, said third format being a 
format used by an image output unit, 

said inverse converting being performed using an inverse 
conversion matrix, said inverse conversion matrix 
being obtained based on an inverse of a conversion 35 
matrix associated with said image output unit, and said 
conversion matrix associated with said image output 
unit being obtained based on an achromatic color 
component conversion matrix and chromatic color 
component conversion matrix representing chromatic- 4Q 
ity and achromaticity of said image output unit, 

wherein said conversion matrix associated with said 
imaging device is mathematically independent of said 
conversion matrix associated with said image output 
unit, 45 

wherein said achromatic color component conversion 
matrix and said chromatic color component conversion 
matrix associated with said imaging device are gener- 
ated according to the steps of: 

decomposing a predetermined color correcting matrix so 
associated with said imaging device into a reference 
vector; 

setting column vectors representing each column of 
said predetermined color correcting matrix; 

decomposing each column vector into a first and sec- 55 
ond vector, said first vector being parallel to said 
achromatic color vector, and said second vector 
being perpendicular to said achromatic color vector; 

setting an achromatic color vector associated with said 
imaging device based on a white point and black 60 
point associated with said imaging device; 

adjusting said first and second vectors in accordance 
with said achromatic color vector; 

determining said achromatic color component conver- 
sion matrix in accordance with said first vectors; and 65 

determining said chromatic color component conver- 
sion matrix in accordance with said second vectors. 



12. A color correcting method comprising: 
converting a first color signal of a first format into a 

second color signal of a second format using a conver- 
sion matrix, 

said first format being a format used by an imaging 
device, said conversion matrix being associated with 
said imaging device, 

said conversion matrix being obtained based on an ach- 
romatic color component conversion matrix and a 
chromatic color component conversion matrix repre- 
senting chromaticity and achromaticity of said imaging 
device; and 

inversely converting said second color signal into a third 
color signal of a third format, said third format being a 
format used by an image output unit, 

said inverse converting being performed using an inverse 
conversion matrix, said inverse conversion matrix 
being obtained based on an inverse of a conversion 
matrix associated with said image output unit, and said 
conversion matrix associated with said image output 
unit being obtained based on an achromatic color 
component conversion matrix and chromatic color 
component conversion matrix representing chromatic- 
ity and achromaticity of said image output unit, 

wherein said conversion matrix associated with said 
imaging device is mathematically independent of said 
conversion matrix associated with said image output 
unit, 

wherein said achromatic color component conversion 
matrix and said chromatic color component conversion 
matrix associated with said color output unit are gen- 
erated according to the steps of: 
decomposing a predetermined color correcting matrix 

associated with said color output unit into a reference 

vector; 

setting column vectors representing each column of 
said predetermined color correcting matrix; 

decomposing each column vector into a first and sec- 
ond vector, said first vector being parallel to said 
achromatic color vector, and said second vector 
being perpendicular to said achromatic color vector; 

setting an achromatic color vector associated with said 
color output unit based on a white point and black 
point associated with said color output unit; 

adjusting said first and second vectors in accordance 
with said achromatic color vector; 

determining said achromatic color component conver- 
sion matrix in accordance with said first vectors; and 

determining said chromatic color component conver- 
sion matrix in accordance with said second vectors. 

13. A color correcting method comprising: 
converting a first color signal of a first format into a 

second color signal of a second format using a conver- 
sion matrix, 

said first format being a format used by an imaging 
device, said conversion matrix being associated with 
said imaging device, 

said conversion matrix being obtained based on an ach- 
romatic color component conversion matrix and a 
chromatic color component conversion matrix repre- 
senting chromaticity and achromaticity of said imaging 
device; 

inversely converting said second color signal into a third 
color signal of a third format, said third format being a 
format used by an image output unit, 

said inverse converting being performed using an inverse 
conversion matrix, said inverse conversion matrix 
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being obtained based on an inverse of a conversion 
matrix associated with said image output unit, and said 
conversion matrix associated with said image output 
unit being obtained based on an achromatic color 
component conversion matrix and chromatic color 5 
component conversion matrix representing chromatic- 
ity and achromaticity of said image output unit, 
wherein said conversion matrix associated with said 
imaging device is mathematically independent of said 
conversion matrix associated with said image output 10 
unit; 

a first adjusting step for adjusting said achromatic color 
component conversion matrix of said conversion step; 
and 

a second adjusting step for adjusting said chromatic color 

component conversion matrix of said conversion step, 
wherein said first adjusting step comprises: 

performing a matrix operation on reference image data 
using said achromatic color component conversion 2 o 
matrix to generate an achromatic color component 
conversion image; 

first evaluating a degree of achromatic color in said 
achromatic color component conversion image; 

second evaluating a degree of brightness in said ach- 2 s 
romatic color component conversion image; 

adjusting a plurality of vectors constituting said ach- 
romatic color component conversion matrix to 
change color balance and brightness of said achro- 
matic color component conversion image based on 30 
said first and second evaluating steps; and 

determining an adjusted achromatic color component 
conversion matrix according to said adjusted vectors. 

14. A color correcting method according to claim 13, 
wherein said adjusting a plurality of vectors step comprises 35 
at least one of the following steps when one of said first and 
second evaluating steps indicates to adjust said plurality of 
vectors, 

changing a magnitude ratio among said plurality of vec- 
tors to change intermediate gray balance; 40 

changing directions of said plurality of vectors with a 
black point of each vector as a pivot point to change a 
balance of color close to a white point without chang- 
ing a balance of color close to said black point; 

changing directions of said plurality of vectors with said 45 
white point of each vector as a pivot point to change a 
balance of a color close to said black point without 
changing a balance of a color close to said white point; 

changing magnitudes of said plurality of vectors with said 5Q 
black point remaining fixed to change brightness of a 
color close to said white point; and 

changing magnitudes of said plurality of vectors with said 
white point remaining fixed to change brightness of a 
color close to said black point. 55 

15. A color correcting method comprising: 
converting a first color signal of a first format into a 

second color signal of a second format using a conver- 
sion matrix, 



199 

40 

said first format being a format used by an imaging 
device, said conversion matrix being associated with 
said imaging device, 

said conversion matrix being obtained based on an ach- 
romatic color component conversion matrix and a 
chromatic color component conversion matrix repre- 
senting chromaticity and achromaticity of said imaging 
device; 

inversely converting said second color signal into a third 
color signal of a third format, said third format being a 
format used by an image output unit, 

said inverse converting being performed using an inverse 
conversion matrix, said inverse conversion matrix 
being obtained based on an inverse of a conversion 
matrix associated with said image output unit, and said 
conversion matrix associated with said image output 
unit being obtained based on an achromatic color 
component conversion matrix and chromatic color 
component conversion matrix representing chromatic- 
ity and achromaticity of said image output unit, 

wherein said conversion matrix associated with said 
imaging device is mathematically independent of said 
conversion matrix associated with said image output 
unit; 

a first adjusting step for adjusting said achromatic color 
component conversion matrix of said conversion step; 
a second adjusting step for adjusting said chromatic color 
component conversion matrix of said conversion step; 
wherein said second adjusting step comprises: 

performing a matrix operation on reference image data 
using said chromatic color component conversion 
matrix to generate a chromatic color component 
conversion image; 
first evaluating a degree of vividness of said chromatic 

color component conversion image; 
second evaluating a degree of hue of said chromatic 

color component conversion image; 
adjusting a plurality of vectors constituting said chro- 
matic color component conversion matrix to change 
hue and vividness of said achromatic color compo- 
nent conversion image based on said first and second 
evaluating steps; and 
determining an adjusted chromatic color component 
conversion matrix according to said adjusted vectors. 
16. A color correcting method according to claim 15, 
wherein said adjusting said plurality of vectors step com- 
prises at least one of the following steps when one of said 
first and second evaluating steps indicates to adjust said 
plurality of vectors, 
changing directions of said plurality of vectors to change 
hue of said chromatic color component conversion 
image; and 

changing magnitudes of said plurality of vectors to 
change vividness of said chromatic color component 
conversion image. 

***** 
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